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ELECTRICITE TAMIL
PART – II
TEST - 8

11TH,aw;gpay;
myF – 4 Ntiy> Mw;wy; kw;Wk; jpwd;

(Work, Energy and Power)

mwpKfk;

md;whl tho;tpy; Ntiy vd;w nrhy; gyjug;gl;l jUzq;fspy; gad;gLj;jg;gLfpwJ. ,J
cly;  rhu;e;j  Ntiy  kw;Wk;  kdk;  rhu;e;j  Ntiy  Mfpa  ,uz;ilAk;  Fwpf;Fk;.
cz;ikapy;  ve;j  xU  nray;ghLk;  nghJthf  Ntiy  vd;Nw  miof;fg;gLk;.  Mdhy;
,aw;gpaypy;  Ntiy  vd;w  nrhy;  Jy;ypakhd  tiuaiwiaf;  nfhz;Ls;s  xU  ,ay;
msthff;  fUjg;gLfpwJ.  xU  nghUspd;  kPJ  nray;gLj;jg;gl;l  tpir  mjid
,lk;ngaur;  nra;jhy;  tpirapdhy;  Ntiy nra;ag;gLfpwJ. Ntiy nra;tjw;fhd jpwd;
Mw;wy;  vd  tiuaWf;fg;gLfpwJ.  vdNt  NtiyAk;  Mw;wYk;  xj;j  gupkhzj;ijg;
ngw;Ws;sd.  ,aw;gpaypy;  Mw;wyhdJ  ,ae;jpu  Mw;wy;>  kpd;  Mw;wy;>  ntg;g  Mw;wy;>
mZf;fU  Mw;wy;  Nghd;w  gy;NtW  tbtq;fspy;  cs;sd.  gy  ,ae;jpuq;fs;  xU
tifahd  Mw;wiy  vLj;Jf;nfhz;L  NtW  tifahd  Mw;wiy  ntspg;gLj;Jfpd;wd.
,g;ghlg;  gFjpapy;  Kf;fpakhf  ,ae;jpu  Mw;wypd;  ,U  tif  Mw;wy;fshd  ,af;f
Mw;wy; kw;Wk; epiy Mw;wy; Mfpatw;iwf; fhz;Nghk;. mLj;J tpthjpf;fg;gl ,Ug;gJ>
Ntiy nra;Ak; tPjk; my;yJ Mw;wy; ntspaplg;gLk; tPjk; MFk;. Ntiy nra;ag;gLk;
tPjk; jpwd; vdg;gLk;. fpupf;nfl; tpisahl;by; xU rf;jptha;e;j mb vd;gJ kl;ilahy;
ge;ij Ntfkhf mbg;gijf;  Fwpf;fpwj. ,e;jg;  ghlg;gFjpahdJ Ntiy> Mw;wy;  kw;Wk;
jpwd;  Mfpa %d;W ,ay;  msTfs;  kw;Wk;  mtw;wpd;  Kf;fpaj;Jtk;  Fwpj;j  xU ey;y
Gupjiy tsu;f;Fk; Nehf;fj;ijf; nfhz;Ls;sJ.

Ntiy (Work)

xU nghUspd; kPJ nray;gLk; F
r
 vd;w tpir mjid rd

r
vd;w ,lg;ngau;r;rp Vw;gLj;jp

efu;j;Jtjhff; fUJNthk;.

fzpjtpaypd;gb>  nghUspd;  kPJ  tpirapdhy;  nra;ag;gl;l  Ntiy  (W)  gpd;tUkhW
vOjg;gLfpwJ.

W = F
r

. rd
r

11thnjhFjp –I myF - 4
Ntiy> Mw;wy; kw;Wk; jpwd;

12thnjhFjp –I
myF - 1

epiykpd;dpay;

myF - 2
kpd;Ndhl;ltpay;
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tpirapdhy; nra;ag;gl;l Ntiy

,q;F F
r

. rd
r
 ,d;  ngUf;fy;gyd;  xU  ];Nfyu;  ngUf;fy;  my;yJ  Gs;spg;  ngUf;fy;

MFk;. ,U ntf;lu;fspd; ];Nfyu; ngUf;fy; gyd; xU ];Nfyu; kjpg;ghFk;. (gFjp 2.5.1
If;  fhz;f).  vdNt  nra;ag;gl;l  Ntiy  xU  ];Nfyu;  msthFk;.  ,J  vz;kjpg;ig

kl;Lk;  ngw;Ws;sJ  kw;Wk;  jpiraw;wJ. SI  myF  Kiwapy;  nra;ag;gl;l  Ntiyapd;

myF N m my;yJ [Py; (J) MFk;. mjd; gupkhz tha;g;ghL [ML2T-2] MFk;.

W = F dr cos q

( .a b
urr

 =  ab cosqvd;gjhy;).  ,q;F q vd;gJ  nghUspd;  kPJ  nray;gLj;jg;gl;l
tpirf;Fk; me;jg;nghUspd; ,lg;ngau;r;rpf;Fk; ,ilNa cs;s NfhzkhFk;.

tpirapdhy;  nra;ag;gl;l  Ntiy vd;gJ tpir ( F
ur
)  ,lg;ngau;r;rp  (dr

r
)  kw;Wk;

mtw;wpw;fpilNa cs;s Nfhzk; qMfpatw;iw rhu;e;jJ.

fPo;fz;l Neu;Tfspy; nra;ag;gl;l Ntiy RopahFk;.

(i) tpir RopahFk; NghJ (F = 0)

cjhuzkhf>  cuha;tw;w  xU  fpilj;jsg;  gug;gpy;  khwh  jpirNtfj;jpy;  efUk;
(cuha;T  ,y;yhjjhy;)  xUnghUs;  njhlu;e;J  ,aq;fpf;  nfhz;Nl  ,Uf;Fk;.  (,J  xU

,yl;rpa (ideal) #o;epiy)

(ii) ,lg;ngau;r;rp RopahFk; NghJ (dr = 0)

cjhuzkhf> jplkhf cs;s xU Rtupd; kPJ tpir nrYj;jg;gl;lhy; tpirahdJ
ve;j ,lg;ngau;r;rpiaAk; Vw;gLj;jhJ.

(iii) tpirAk; ,lg;ngau;r;rpAk; xd;Wf;nfhd;W nrq;Fj;jhf cs;sNghJ ( q = 90°).
xU  nghUshdJ  fpilj;jsj;  jpirapy;  efUk;NghJ  GtpaPu;g;Gtpir  (mg)

nghUspd;  kPJ  Ntiy  VJk;  nra;ahJ>  Vnddpy;  mJ  ,lg;ngau;r;rpf;F  nrq;Fj;jhf
nray;gLfpwJ.

tl;l  ,af;fj;jpy;  cs;s  nghUspd;kPJ  nray;gLk;  ikaNehf;F  tpirahdJ
Ntiy VJk; nra;ahJ. Vnddpy; mJ vg;NghJk; ,lg;ngau;r;rpf;F nrq;Fj;jhf cs;sJ.

nfhLf;fg;gl;l  tpir  (F)  kw;Wk;  ,lg;ngau;r;rp  (dr)  f;F  njhFj;Js;sthW

mtw;wpw;fpilNa  cs;s  Nfhzk; q  MdJ  nra;ag;gl;l  Ntiyapd;  kjpg;ig  KbT
nra;fpwJ.

tpirapdhy;  nra;ag;gLk;  vjpu;f;Fwp  Ntiyf;F  gy  cjhuzq;fs;  cs;sd.

fhy;ge;J tpisahl;by;> tPuu; (Goal keeper) mtiu Nehf;fp tUk; ge;ij xU tpiriar;
nrYj;jpg;  gpbf;fpwhu;.  mt;tpirahdJ ge;jpd;  ,af;fj;jpw;F  vjpu;jpirapy;  ge;J  mtuJ
iffspy;  Xa;Tepiyf;F  tUk;  tiu  nrYj;jg;gLfpwJ.  tpiriar;  nrYj;Jk;  Neuj;jpy;
mtu;  ge;jpd;kPJ  vjpu;Ntiy  nra;fpwhu;.  ,e;jg;  ghlg;gFjpapy;  NkYk;  gy
vjpu;Ntiyf;fhd #o;epiyfs; gw;wp fw;g;Nghk;.

vLj;Jf;fhl;L

xU  ngl;b  25 N  tpirapdhy;  15 m ,lg;ngau;r;rp  Vw;gLkhW

,Of;fg;gLfpwJ. tpirf;Fk;  ,lg;ngau;r;rpf;Fk;  ,ilNa cs;s Nfhzk; 30° vdpy;
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tpirapdhy; nra;ag;gl;l Ntiyiaf; fhz;f.

jPu;T

tpir F = 25 N
,lg;ngau;r;rp dr = 15 m
F kw;Wk; dr ,ilNa cs;s Nfhzk; q = 30° nra;ag;gl;l Ntiy W = F dr

cos q

W = 25 × 15 × cos30° = 25 × 15 × 3
2

W = 324.76 J

Nfhzk; (q ) kw;Wk; Ntiyapd;ik jd;ik
Nfhzk; (q ) cos q Ntiy

q = 0° 1 Neu;f;Fwp> ngUkk;

0 <q < 90°
(FWq;Nfhzk;)

0< cos q < 1 Neu;f;Fwp

q =90° (nrq;Nfhzk;) 0 Rop

90°< q < 180° -1 < cos q < 0 vjpu;f;Fwp

q =180° -1 vjpu;f;Fwp> ngUkk;

khwh tpirapdhy; nra;ag;gl;l Ntiy

xU nghUspd;  kPJ F vd;w  khwh  tpir  nray;gLk;NghJ>  tpirapdhy; dr vd;w

rpW ,lg;ngau;r;rpia Vw;gLj;jr; nra;ag;gl;l rpW Ntiy dWf;fhd njhlu;G

dW= (F cos ) drq

njhlf;f epiy ri Kjy; ,Wjp epiy rf tiu ,lg;ngau;;r;rp Vw;gLj;j nra;ag;gLk;
nkhj;j Ntiy>

f

1

f f

f f

r

r

r r

r r

W= dW

W= (F cos )dr =(F cos ) dr

(F cos )( )f ir r

q q

q= -

ò

ò ò

fPo; cs;s gug;G khwhj tpirapdhy; nra;ag;gl;l Ntiyiaf; Fwpf;fpwJ.

khwhj tpirapdhy; nra;ag;gl;l Ntiy

vLj;Jf;fhl;L

epiwAs;s  xU  nghUs;  5  m  cauj;jpy;  ,Ue;J  jiuapy;  tpOfpwJ.
GtpaPu;g;G tpirapdhy; nghUspd;kPJ nra;ag;gl;l Ntiy vd;d? (fhw;wpd; jiliag;

Gwf;fzpf;fTk;. GtpaPu;g;G KLf;fk; g = 10 m s-2 vdf; nfhs;f).
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jPu;T

,e;Neu;tpy;  nghUspd;  kPJ  nray;gLk;  tpir  fPo;  Nehf;fpa  GtpaPu;g;G  tpir

m g
ur
 MFk;. ,J khwh tpirahFk;.

GtpaPu;g;G tpirapdhy; nra;ag;gl;l Ntiy

f

1

r

r

W = F.d rò
ruv

f

1

r

1
r

W =(cos ( .cos )( )fdr mg r rq q= -ò
r

NkYk; nghUshdJ glj;jpy; fhl;bAs;sthW fPo;Nehf;fpa GtpaPu;g;G tpirapd;

F mg=
ur ur

 jpirapy;  efUfpwJ.  vdNt>  mtw;wpw;fpilNa  cs;s  Nfhzk; q =  0°,
cos0° =1 kw;Wk; ,lg;ngau;r;rp (rf - ri) = 5 m

W=mg 1( )fr r-
W = 2  ×   ×  5  =f f

vdNt nghUspd; kPJ nray;gLk; GtpaPu;g;G tpirapdhy; nra;ag;gl;l Ntiy
Neu;f;Fwp kjpg;igg; ngWfpwJ.

vLj;Jf;fhl;L

glj;jpy;  fhl;bAs;sthW  epiw m =  1kg  nfhz;l  xU  nghUs; q =
30°rha;Tf;Nfhzk;  nfhz;l  10m ePsKs;s  cuha;tw;w  jsj;jpy;  NkypUe;J
fPo;Nehf;fpr;  rWf;FfpwJ.  GtpaPu;g;G  tpir kw;Wk;  nrq;Fj;J tpirapdhy;  nghUspd;

kPJ  nra;ag;gl;l  Ntiyiaf;  fzf;fpLf.  GtpaPu;g;G  KLf;fk; (g)  =  10  ms-2 vdf;
fUJf.

jPu;T:

rha;Tj;jsj;jpy;  nghUs;  milAk;  KLf;fk; gsin q vd  Ke;ija
ghlg;gFjpapy; fzf;fpl;Ls;Nshk;.

epA+l;ldpd;  ,uz;lhk;  tpjpg;gb>  rha;Tj;jsj;jpy;  nghUspd;kPJ  nray;gLk;

tpir F  =  mg  sin q . ,e;j  tpirahdJ  nghUspd;  ,af;fk;  KOtJk;  khwhJ
vd;gij mwpaTk;.

GtpaPu;g;G  tpirapd;  rha;Tj;jsj;jpd;  fpilj;jsf;  $wpdhy;  (mgsin q )
nra;ag;gl;l Ntiy

W = F. cosd r Fdr f=
ur r

,q;F f  vd;gJ tpir (mg sinq ) kw;Wk; nghUs; nry;Yk; jpirf;Fk; (dr)
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,ilNa  cs;s  NfhzkhFk;.  ,e;Neu;tpy;>  tpir  (mg  sinq )  kw;Wk;  ,lg;ngau;r;rp
d r

r
 Mfpait xNu jpirapy; cs;sd. vdNt f = 0°kw;Wk; cos f =1

W = F dr = ( mg sinθ) ( dr)
(dr = rha;jsj;jpd; ePsk;)

1W  =  1   10  sin  (30°)   10  =  100 50
2

J´ ´ ´ ´ =

mg  cos q vd;w $W kw;Wk;  nrq;Fj;J tpir N Mfpait nghUs; nry;Yk;
jpirf;Fr; nrq;Fj;jhf cs;sjhy; mit ve;j NtiyAk; nra;ahJ.

vLj;Jf;fhl;L

Nky;Nehf;fp  vwpag;gl;l 2  kg  epiwAs;s  xU  nghUs; 5  m cauj;ij
mile;J gpd;du; jiuapy; te;J tpOfpwJ (fhw;Wj;jiliag; Gwf;fzpf;fTk;) vdpy;
gpd;tUtdtw;iw fzf;fpLf.

(a) nghUs;  5 m  cauj;ij  milAk;NghJ  GtpaPu;g;G  tpirahy;  nra;ag;gl;l
Ntiy

(b) nghUs;  kPz;Lk;  jiuia  milAk;NghJ  GtpaPu;g;G  tpirahy;  nra;ag;gl;l
Ntiy

(c) GtpaPu;g;G  tpirapdhy;  Nky;Nehf;fpa  kw;Wk;  fPo;Nehf;fpa  ,af;fj;jpy;
nra;ag;gl;l nkhj;jNtiy kw;Wk; Kbtpd; ,aw;gpay; Kf;fpaj;Jtj;ijf;
Fwpg;gpLf.

jPu;T

nghUs;  Nky;Nehf;fpr;  nry;Yk;NghJ  ,lg;ngau;r;rp  Nky;Nehf;fpa  jpirapYk;
nghUspd; kPJ nray;gLk; GtpaPu;g;G tpir fPo;Nehf;fpa jpirapYk; nray;gLfpd;wd.

vdNt ,lg;ngau;r;rpf;Fk; GtpaPu;g;G tpirf;Fk; ,ilNa cs;s Nfhzk; 180° MFk;.

(a) Nky; Nehf;fpa ,af;fj;jpy; GtpaPu;g;G tpirapdhy; nra;ag;gl;l Ntiy
 ,q;F dr = 5 m kw;Wk; F = mg

oW =Fdr cos mgdr cos180q =Nky;

W 2 10 5 ( 1) 100 .
[cos180 1]o

joule= ´ ´ ´ - = -

= -
Nky;

(b) nghUs; fPo;Nehf;fp tpOk;NghJ GtpaPu;g;G tpir kw;Wk; ,lg;ngau;r;rp ,uz;Lk;
xNu  jpirapy;  cs;sd.  ,jd;  %yk;  GtpaPu;g;G  tpirf;Fk;

,lg;ngau;r;rpf;Fk; ,ilNa cs;s Nfhzk; q  = 0°vd mwpayhk;.

W cos 0oFdr=fPo;

W 2 10 5 (1) 100

[cos 0 1]o

joule= ´ ´ ´ =

=
foP ;
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(c) nghUspd;  KO  gazj;jpd;  NghJ  (Nky;Nehf;fpa  kw;Wk;  fPo;  Nehf;fpa
   ,af;fk;) GtpaPh;g;G tpirapdhy; nra;ag;gl;l nkhj;j Ntiy

W nkhj;jk; = WNky;+ WfPo;

= -100J + 100J = 0

GtpaPh;g;G  tpirahdJ nghUspw;F vt;tpj Mw;wiyAk;  khw;wtpy;iy vd;gij ,J
Fwpf;fpwJ.  nghUs;  Nky;Nehf;fp  vwpag;gLk;NghJ  Gwf;fhuzpfshy;  nghUSf;F
Mw;wy;  mspf;fg;gLfpwJ.  nghUs;  jpUk;g  te;J  jiuapy;  NkhJk;NghJ  nghUs;
ngw;w Mw;wyhdJ Gtpg;gug;gpw;F khw;wg;gLfpwJ (jiuapDs; nry;fpwJ)

vLj;Jf;fhl;L:

(a)  xU  gS  J}f;Fgth; 250  kg  epiwia 5000  N  tpirahy; 5  m  cauj;jpw;F
J}f;Ffpwhh;.

(a) gSJ}f;Fgtuhy; nra;ag;gl;l Ntiy vd;d?

(b) GtpaPh;g;G tpirahy; nra;ag;gl;l Ntiy vd;d?
(c) nghUspd; kPJ nra;ag;gl;l epfu Ntiy vd;d?
jPh;T:

a.  gSJ}f;Fgth;  epiwiaj;  J}f;Fk;NghJ  tpirAk;  ,lg;ngah;r;rpAk;  xNu  jpirapy;
cs;sjhy;  mtw;wpw;fpilNa cs;s Nfhzk; 0q = ° vdNt gSJ}f;Fgtuhy;  nra;ag;gl;l

Ntiy.

Wg.J} = FWhcos θ = Fwh(cos 0°)
= 5000 × 5 ×  (1) = 25000 J = 25 kJ

(b)gSJ}f;Fgth;  epiwiaj;  J}f;Fk;NghJ  GtpaPh;g;Gtpir  fPo;Nehf;fp
nray;gLtjhy;  tpirAk;  ,lg;ngah;r;rpAk;  vjpnujph;  jpirapy;

cs;sd. vdNt mtw;wpw;fpilNa cs;s Nfhzk; θ= 180°
W< = Fghcos θ = mgh (cos 180°)

= 250 × 10 × 5 (-1)
= -12500 J = - 12.5 kJ

(c) nghUspd; kPJ nra;ag;gl;l epfu Ntiy (nkhj;j Ntiy)
Wepfuk; = Wg.J}+ W<

= 25 kJ – 12.5 kJ = + 12.5 kJ

khWgLk; tpirapdhy; nra;ag;gl;l Ntiy

khWgLk;  tpir (F) xd;wpd;  $W  xU  nghUspd;  kPJ  nray;gLk;  NghJ dr  vd;w  rpW
,lg;ngah;r;rpia Vw;gLj;j tpirapdhy; nra;ag;gl;l rpW Ntiy (dw) f;fhd njhlh;G

dW = (F cos) dr
(F cos θvd;gJ F vd;w khWk; tpirapd; $W MFk;)

,q;F>F  kw;Wk; θMfpait  khwpfs;  MFk;.  njhlf;f  epiy riKjy;  ,Wjpepiy rftiu
,lg;ngah;r;rp Vw;gLj;j nra;ag;gl;l nkhj;j Ntiy

W = cos
f f

i i

r r

r r

dW F drq=ò ò
khWgLk;  tpirapdhy;  nra;ag;gl;l  Ntiy  tiuglk;  %yk;  fhz;gpf;fg;gl;Ls;sJ.
tiuglj;jpd; fPo; cs;s gug;G khWk; tpirapdhy; nra;ag;gl;l Ntiyiaf; Fwpf;fpwJ.

vLj;Jf;fhl;L:
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njhlf;fj;jpy;  xa;tpy;  cs;s  xU  nghUspd;  kPJ F  =  kx2 vd;w  khWk;  tpir

nray;gLfpwJ.  nghUshdJ x  =  0  m  Kjy; x  =  4m  tiu  ,lg;ngah;r;rp  mila

tpirapdhy; nra;ag;gl;l Ntiyiaf; fzf;fpLf. (khwpyp k = 1 N m-2 vdf;fUJf)
jPh;T:

nra;ag;gl;l Ntiy
4

2

0

64( )
3

f

i

x

x

W F x dx k x dx Nm= = =ò ò
Mw;wy; (ENERGY):
Mw;wy;  vd;gJ Ntiy nra;Ak;  jpwikNa MFk;.  mjhtJ> nra;ag;gl;l Ntiy vd;gJ
Mw;wypd;  nray;ghNl  MFk;.  mjdhy;  jhd;  Ntiy  kw;Wk;  Mw;wy;  ,uz;Lk;  xNu

ghpkhzj;ijf; nfhz;Ls;sd(ML2T-2).
Ntiy Û Mw;wy;

Mw;wypd;  Kf;fpakhd  mk;rk;  ahnjdpy;  xU  jdpj;j  mikg;gpw;F  midj;J  tif
Mw;wy;fspd;  $Ljy;>  mjhtJ  nkhj;j  Mw;wy;  ve;jr;  nray;ghl;bYk;  vt;tifahd
mfkhw;wq;fs;  Vw;gl;lhYk;  khwhky;  ,Uf;Fk;.  ,jd;  nghUshdJ xU tbtpy;  kiwAk;
Mw;wy;  kw;nwhU  tbtpy;  ntspg;gLk;.  ,JNt  Mw;wy;  khwh  tpjp  vdg;gLk;.
,g;ghlg;gFjpapy; ehk; ,ae;jpu Mw;wy; gw;wp kl;Lk; fw;g;Nghk;.

,e;jpu Mw;wy; ,U tifg;gLk;.
1. ,af;f Mw;wy;
2. epiy Mw;wy;

xU  nghUs;  jdJ  ,af;fj;jpdhy;  nfhz;Ls;s  Mw;wy;  ,af;f  Mw;wy;  vdg;gLk;.  xU
nghUs; jdJ epiyg;ghl;bdhy; nfhz;Ls;s Mw;wy; epiy Mw;wy; MFk;.

Mw;wypd; SI myfhdJ nra;ag;gl;l Ntiyapd; myNf MFk;. mjhtJ N m (my;yJ)
[Py; (J). Mw;wypd; ghpkhzk;> nra;ag;gl;l Ntiyapd; ghpkhzNk MFk;. mjd; ghpkhzk;

(ML2T-2) MFk;.  Mw;wypd;  NtW  myFfs;  kw;Wk;  mtw;wpd; SI  kjpg;Gfs;  ml;ltiz
,y; fhzgpf;fg;gl;Ls;sd.

Mw;wypd; kw;w myFfSf;Fr; rkkhd SI kjpg;Gfs;:

myF ,izahd [{y; kjpg;Gfs;

1 Vh;f; (CGS myF) 10-7J
1 vyf;l;uhd; Nthy;l; (eV) 1.6 × 10-19 J
1 fNyhhp (cal) 4.186 J
1 fpNyhthl; kzp (kWh) 3.6 ×106 J

,af;f Mw;wy; (Kinetic Energy):

,af;f Mw;wy; vd;gJ xU nghUs; mjd; ,af;fj;jhy; ngw;Ws;s Mw;wyhFk;. midj;J
,aq;Fk; nghUl;fSk; ,af;f Mw;wiyf; nfhz;Ls;sd. ,af;fj;jpy; cs;s xU nghUs;
Ntiy nra;tjw;fhd jpwikiag;  ngw;wpUf;Fk;.  cjhuzkhf> xU Mzpapd;  kPJ xa;T
epiyapy;  itf;fg;gl;l  xU Rj;jpay;  Mzpia kuj;jpDs;  nrYj;jhJ.  mNjrkak;  glk;
fhl;bathW  me;j  Rj;jpayhy;  Mzpia  mbf;Fk;  NghJ  mJ  Mzpia  kuj;jpDs;
nrYj;JfpwJ.  xU  nghUs;  ,aq;Fk;NghJ>  ,af;fj;jpw;fhf  nra;ag;gLk;  Ntiyapd;
msthf  ,af;f  Mw;wy;  mstplg;gLfpwJ.  ,aq;Fk;  nghUspd;  ,af;fj;jpw;fhf
nra;ag;gl;l  Ntiyapd;  msT  nghUspd;  epiw  kw;Wk;  jpirNtfj;jpd;  vz;  kjpg;G
Mfpatw;iwr;  rhh;e;jJ.  ,af;fj;jpy;  ,y;yhj  xU  nghUs;  ,af;f  Mw;wiyf;
nfhz;bUf;fhJ.

Ntiy - ,af;f Mw;wy; Njw;wk;:
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NtiyAk;  Mw;wYk;  rkkhdit. ,J ,af;f Mw;wYf;Fk;  nghUe;Jk;.  ,jid ep&gpf;f

m  epiwAs;s  xU  nghUs;  cuha;tw;w  fplj;jsg;  gug;gpy;  xa;tpy;  ,Ug;gjhff;
fUJNthk;.

(F)  vd;w  khwh  tpirapdhy;  mNj  jpirapy; (s)  vd;w  ,lg;ngah;r;rpia  Vw;gLj;j
nra;ag;gl Ntiy

W = Fs
khwhj tpirf;fhd rkd;ghL>

F = ma
%d;whtJ ,af;fr; rkd;ghl;il ,t;thW vOjyhk;.

v2 = u2 + 2as

a =
2 2

2
v u

s
-

a ,d; kjpg;ig rkd;ghL ,y; gpujpapl
2 2

2
v uF m

s
æ ö-

= ç ÷
è ø

rkd;ghL> gpujpapl
2 2

2 2
v uW m s s
s s

æ öæ ö
= ç ÷ç ÷

è øè ø

w = 2 21 1
2 2

mv mu-

,af;f Mw;wYf;fhd Nfhit:

Nkw;fz;l  rkd;ghl;by; 21
2

mvæ ö
ç ÷
è ø

vd;gJ (v)  jpirNtfj;jpy;  ,aq;Fk; (m)  epiwAs;s

nghUspd; ,af;f Mw;wiyf; Fwpf;Fk;.

KE = 21
2

mv

nghUspd; ,af;f Mw;wy; vg;nghOJk; Neh;Fwp kjpg;GilajhFk;.
rkd;ghL kw;Wk; ,y; ,Ue;J

∆KE = 2 21 1
2 2

mv mu-

vdNt W = ∆KE
rkd;ghL ,y; tyJ gf;fj;jpy; cs;s Nfhit nghUspd; ,af;f Mw;wy; khWghL (∆KE)
MFk;.

nghUspd; kPJ tpirapdhy; nra;ag;gl;l Ntiy nghUspd; ,af;f Mw;wiy khw;WfpwJ
vd;gij ,J Fwpf;fpwJ. ,JNt Ntiy - ,af;f Mw;wy; Njw;wk; vdg;gLk;.

Ntiy - ,af;f Mw;wy; Njw;wkhdJ fPo;fhz;gtw;iw czh;j;JfpwJ.

1. nghUspd;  kPJtpirapdhy;  nra;ag;gl;l  Ntiy  Neh;f;Fwpahf  ,Ue;jhy;  mjd;
,af;f Mw;wy; mjpfhpf;fpwJ.

2. nghUspd;  kPJ  tpirapdhy;  nra;ag;gl;l  Ntiy  vjph;Fwpahf  ,Ue;jhy;  mjd;
,af;f Mw;wy; FiwfpwJ.

3. nghUspd;  kPJ tpirapdhy;  Ntiy VJk; nra;ag;gltpy;iy vdpy;  mjd; ,af;f
Mw;wy;  khwhJ.  ,J>  nghUspd;  epiw  khwhj  NghJ  tpirapdhy;  nghUshdJ
khwh Ntfj;jpy; ,aq;fpaJ vd;gij Fwpf;fpwJ.
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ce;jk; kw;Wk; ,af;f Mw;wy; ,ilNa cs;s njhlh;G:

m  epiwAs;s  xU  nghUs; v
r
vd;w  jpirNtfj;jpy;  ,aq;Ftjhff;  fUJNthk;.  mjd;

Neh;Nfhl;L ce;jk; p mv=
ur r

kw;Wk; mjd; ,af;f Mw;wy;>

KE = 1
2

mv2

KE = 1
2

mv2 = 1
2

m ( . )v v
ur r

rkd;ghL ,d; gFjp kw;Wk; njhFjpia epiw m My; ngUf;f
21 ( . )

2
m v vKE

m
=

r r

1 ( ).( ) [ ]
2

mv mv p mv
m

= =
r r

ur r

1 .
2

p p
m

=
uurur

=
2

2
p
m

KE =
2

2
p
m

=

,q;F p
ur

vd;gJ  ce;jj;jpd;  vz;  kjpg;ghFk;.  Neh;Nfhl;L  ce;jj;jpd;  vz;  kjpg;ig

,t;thW ngwyhk;.

2 ( )p p m KE= =
ur

,af;f Mw;wy; kw;Wk; epiw nfhLf;fg;gl;lhy; ce;jj;jpd; vz; kjpg;ig kl;LNk fzf;fpl
,aYk;. Mdhy; ce;jj;jpd; jpiriaf; fzf;fpl ,ayhJ vd;gij mwpaTk;. vndd;why;
,af;f Mw;wy; kw;Wk; epiw Mfpait ];Nfyh; msTfshFk;.

vLj;Jf;fhl;L

2  kg kw;Wk; 4  kg epiw nfhz;l ,U nghUs;fs; 20  kg  m  s-1 vd;w rk ce;jj;Jld;
,aq;Ffpd;wd.

(a) mit rk ,af;f Mw;wiyg; ngw;wpUf;Fkh?

(b) mit rk Ntfj;ijg; ngw;wpUf;Fkh?
jPh;T:

(a) nghUspd; ,af;f Mw;wy;
2

2
pKE
m

=

2 kg epiwAs;s nghUspd; ,af;f Mw;wy;
2

1
(20) 400 100
2 2 4

KE J= = =
´

4 kg epiwAs;s nghUspd; ,af;f Mw;wy;
2

2
(20) 400 50
2 4 8

KE J= = =
´

KE1 ¹ KE2  vd  mwpaTk;.  mjhtJ  ,UnghUl;fSk;  rk  ce;jj;ijg;  ngw;wpUe;jhYk;
mtw;wpd; ,af;f Mw;wy; rkky;y. fdkhd nghUs; ,Nyrhd nghUis tpl Fiwthd
,af;f  Mw;wiyg;  ngw;Ws;sJ.  Vndd;why;  nfhLf;fg;gl;l  ce;jj;jpw;F  ,af;f
Mw;wyhdJ epiwf;F vjph; tpfpjj;jpy; cs;sJ.
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1( )KE
m

µ

(b) ce;jk; p = mv vd;gjhy; ,U nghUl;fSk; rk Ntfj;ijg; ngw;wpUf;fhJ.

epiy Mw;wy; (Potential Energy):

xU  nghUspd;  epiy  Mw;wy;  vd;gJ  Rw;Wg;Gwj;ijg;  nghWj;J  mjd;  epiy  kw;Wk;
mikg;igr;  rhh;e;jJ.  Vndd;why;  nghUspd;  kPJ nray;gLk;  gy;NtW tpirfSk;  mjd;
epiy kw;Wk; mikg;igr; rhh;;e;jNj.

(P vd;w  Gs;spapy;  cs;s  xU  nghUspd;  epiy  Mw;wy;  vd;gJ  mg;nghUis  xU

njhlf;f  epiyg;  Gs;sp O (njhlf;f  epiy)  Kjy;  Gs;sp P  (,Wjpepiy)  tiu  khwh
jpirNtfj;jpy;  efh;j;j  Gwtpirahy;  nra;ag;gl;l  Ntiyapd;  msT  vd

tiuaWf;fg;gLfpwJ). O  vd;w  njhlf;fg;  Gs;spapy;  epiy  Mw;wy;  Rop  vd  vLj;Jf;
nfhs;syhk;.

fzpjtpaypd; gb> epiy Mw;wy;

.
a

U F d r= ò
ur r

,q;F njhifaPl;bd; vy;iy (limit) njhlf;f epiyg;Gs;sp O Kjy; ,Wjp epiyg;Gs;sp P
tiu mikAk;.

epiy  Mw;wy;  gy  tifg;gLk;.  xt;nthU  tifAk;  xU  Fwpg;gpl;l  tpirAld;
njhlh;GilaJ. cjhuzkhf>

1. Gtp<h;g;G tpirapdhy; nghUs; ngw;Ws;s Mw;wyhdJ <h;g;G mOj;j Mw;wy; MFk;.

2. RUs;tpy;  tpir  kw;Wk;  ,J  Nghd;w  ,izahd  tpirfspdhy;  ngwg;gLk;
Mw;wyhdJ kPl;rpaOj;j Mw;wy; MFk;.

3. epiy kpd;dpay; tpirahy; ngwg;gLk; Mw;wy; kpd;dOj;j Mw;wy; MFk;.
Mw;wy;  khw;wh tpirfisg;  gw;wp  ghlg;gFjp NkYk;  tphpthff;  fhzyhk;.  jw;NghJ ehk;
<h;g;G mOj;j Mw;wy; kw;Wk; kPl;rpaOj;j Mw;wy; gw;wp tphpthf tpthjpf;fyhk;.

Gtpg;gug;gpw;F mUfpy; epiy Mw;wy;:

GtpapypUe;J h cauj;jpy; <h;g;G mOj;j Mw;wy; (U) vd;gJ nghUis jiuapypUe;J h
cauj;jpw;F  khwh  jpirNtfj;jpy;  nfhz;L  nry;yj;  Njitahd  Ntiyapd;  msTf;Fr;
rkkhFk;.

(m)  epiwAs;s  xU  nghUs;  jiuapypUe;J h  cauj;jpw;F  GtpaPh;g;G  tpirf;F  vjpuhf
efh;j;jg;gLtjhff; fUJNthk;.

nghUspd;  kPj  nray;gLk;  Gtp<h;g;G  tpir ( )gF
ur

MdJ $gF mg j=-
ur

  (tpirahdJ y

jpirapy;  cs;sjhy;  myF ntf;lh; $j ,q;F gad;gLj;jg;gLfpwJ). ,q;F vjph;FwpahdJ

tpir  nrq;Fj;jhf  fPo;Nehf;fp  nray;gLtijf;  Fwpf;fpwJ.  nghUis  KLf;fk;  ,d;wp

(khwh  jpirNtfj;Jld;)  efh;j;j>  Gtp<h;g;G  tpir ( )gF
ur

f;F  rkkhd  vz;  kjpg;igAk;

vjph;jpiriaAk;  nfhz;l aF
ur

vd;w  Gwtpir  xd;W  nghUspd;  kPJ  nray;gLj;jgl

Ntz;Lk;.  mjhtJ ( )a gF F=-
ur ur

,J $aF mg j= +
ur

vd;gijf;  Fwpf;fpwwJ.  Neh;f;FwpahdJ

nray;gLj;jg;gl;l tpir Nky;Nehf;fp nrq;Fj;jhf cs;sJ vd;gijf; Fwpf;fpwJ. vdNt
nghUs; Nky;Nehf;fp cah;j;jg;gLk; NghJ mjd; jpirNtfk; khwhky; ,Uf;Fk;. mjdhy;

mjd;  ,af;f  Mw;wYk;  khwhJ. 'h'  cauj;jpy;  <h;g;G  mOj;j  Mw;wy; (U)  vd;gJ
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nghUis  jiuapypUe;J (h)  cauj;jpw;F  nfhz;L  nry;y  Njitahd  Ntiyapd;
msthFk;.

U =
0

. cos
h

a aF dr F dr q=ò ò
ur r ur r

,lg;ngah;r;rpAk;  nray;gLj;jg;gl;l  tpirAk;  mNj  Nky;Nehf;fpa  jpirapy;  cs;sjhy;

mtw;wpw;fpilNa cs;s Nfhzk;>θ = 0°. vdNt cos 0° = 1 kw;Wk; ,aF mg dr dr= =
ur r

U = mg
0

h

drò
U = [ ]0

hmg r mgh=
nghUspy;  Nrkpf;fg;gl;Ls;s  epiyahw;wyhdJ  Gwtpirapdhy;  nra;ag;gl;l  Neh;Fwp
kjpg;Gs;s  Ntiyapd;  %yk;  tiuaWf;fg;gLfpwJ  vd;gij  mwpaTk;.  ,ay;ghf  ,J
Fwpg;gJ  ahnjdpy;  Gwtpiriar;  nray;gLj;Jk;  mikg;G  nghUSf;F  Mw;wiy

khw;WfpwJ kw;Wk; mJ epiyahw;wyhfr; Nrkpf;fg;gLfpwJ.nghUshdJ h cauj;jpypUe;J
tPOe;jhy; Nrkpf;fg;gl;Ls;s epiyahw;wy; ,af;f Mw;wyhf khw;wg;gLfpwJ.

xU nghUspd; kPJ Gwtpir nray;gLk; NghJ mg;nghUs; vt;thW Rop KLf;fj;Jld;
(khwh jpirNtfj;jpy;) ,aq;Fk;?
nray;gLj;jg;gLk; Gwtpirf;F rhpahf vjph;jpirapy; kw;nwhU tpir nray;gl;lhy; ,J
rhj;jpaNk.  mit  ,uz;Lk;  rkkhd  vz;kjpg;igf;  nfhz;L>  xd;Wf;nfhd;W  vjph;
jpirapy;  nray;gLtjhy;>  nghUspd;  kPJ  nray;gLk;  epfutpir  RopahFk;.  vdNt
nghUshdJ Rop KLf;fj;Jld; ,aq;Fk;.
ehk;  epiyahw;wiy  tiuaiw  nra;Ak;NghJ  nghUshdJ  Vd;  khwh  jpirNtfj;jpy;
efh;j;jg;gl  Ntz;Lk;?  nghUshdJ  khwh  jpirNtfj;jpy;  efutpy;iy  vd;why;  mJ
njhlf;f kw;Wk; ,Wjp epiyfspy; khWgl;l jpirNtfq;fisf; nfhz;bUf;Fk;. Ntiy
- ,af;f  Mw;wy;  Njw;wg;gb  GwtpirahdJ  $Ljyhf  ,af;f  Mw;wiyr;  nrYj;Jk;.
Mdhy;  ehk;  epiyahw;wiy  GtpaPh;g;G  tpir>  RUs;tpy;  tpir  kw;Wk;  $Yk;  tpir
Nghd;w  tpirfSf;F  tiuaWj;Js;Nshk;.  vdNt  nghUis  njhlf;f  epiy  Kjy;
,Wjpepiy  tiu  efh;j;jk;NghJ  Gw  mikg;G  (Gw  tpir)  ve;j  ,af;f  Mw;wiyAk;
nrYj;jf;$lhJ.

vLj;Jf;fhl;L:

2 kg epiwAs;s nghUs; jiuapypUe;J 5 m cauj;jpw;Ff; nfhz;L nry;yg;gLfpwJ (g =
10 ms-2) vdpy;
(a) nghUspDs; Nrkpf;fg;gl;Ls;s epiyahw;wy; ahJ?

(b) ,e;j epiyahw;wy; vq;fpUe;J fpilj;jJ?

(c)  nghUis  me;j  cauj;jpw;F  vLj;Jr;  nry;y  vt;tsT  Gwtpir
    nray;gl Ntz;Lk;?

(d).  nghUshdJ 'h'  cauj;jpw;F  vLj;Jr;  nry;yg;gLk;  NghJ  mjd;  kPJ
   nray;gLk; epfu tpir ahJ?
jPh;T:

a. epiyahw;wy; U = m g h = 2 × 10 × 5 = 100 J ,q;F Neh;f;FwpahdJ nghUspDs; Mw;wy;
Nrkpf;fg;gl;Ls;sijf; Fwpf;fpwJ.

b.  ,e;j  epiyahw;wyhdJ>  Gw  tpiria   nray;gLj;Jk;  ntspg;Gw  mikg;gpypUe;J
nghUSf;F khw;wg;gl;Ls;sJ.

c.  nghUis 5  m  cauj;jpw;F  vLj;Jr;  nry;y  nray;gLj;jg;gl;l  Gw  tpir  MdJ

( )aF
ur

MdJ a gF F=-
ur ur
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$ $( )aF mg j mg j=- - =
ur

$j MdJ nrq;Fj;jhf Nky;Nehf;fpj; jpirapy; nray;gLk; xuyF ntf;lh; MFk;.

d) epiyahw;wypd;  tiuaiwapy;  ,Ue;J>  nghUshdJ  khwhj;
jpirNtfj;jpy;  efh;j;jg;gl  Ntz;Lk;.  vdNt>  nghUspd;  kPJ
nray;gLk; epfu tpir Rop MFk;.

0g aF F+ =
ur ur

kPl;rp epiy Mw;wy; (Elastic Potential Energy):

xU  RUs;tpy;  ePl;rpailar;  nra;ag;gl;lhy;  mjDs;  xU  kPs;tpir  cUthfpwJ.
RUs;tpy;iy  ePl;rpf;ff;$ba  my;yJ  mOf;ff;$ba  tpirapdhy;  RUs;tpy;  ngw;Ws;s
epiy Mw;wy;  kPl;rp  epiy Mw;wy;  vdg;gLk;.  kPs;  tpirf;F  vjpuhfr;  nray;gLj;jg;gl;l
tpirapdhy; nra;ag;gl;l Ntiy RUs;tpy;ypy; kPl;rp epiy Mw;wyhfr; Nrkpf;fg;gLfpwJ.

xU RUs;tpy; - epiw mikg;igf; fUJf. fhl;bathW cuha;tw;w fpilj;js Nkirapy;

m vd;w epiw itf;fg;gl;Ls;sjhf fUJNthk;.

,q;F x  =  0 vd;gJ  rkepiyg;  Gs;sp  MFk;.  RUs;tpy;ypd;  xU  Kid  xU  jplkhd
RthpYk; kWKid epiwAlDk; ,izf;fg;gl;Ls;sJ.

RUs;tpy;yhdJ rkepiyapy; ,Uf;Fk; tiu mjd; epiw Mw;wy; RopahFk;. jw;NghJ xU

Gwtpir ( )aF
ur

RUs;tpy;  epiw kPJ nray;gLj;jg;gl;L tpirapd;  jpirapy; (x) njhiyT
ePl;rpailfpwJ.

RUs;tpy;  tpir ( )sF
ur

vd;wiof;fg;gLk;  xU  kPs;tpir  RUs;tpy;ypy;  cUthfp  epiwia

mjd;  njhlf;f  epiyf;Ff;  nfhz;Ltu  KaYfpwJ.  nray;gLj;jg;gl;l  tpir  kw;Wk;
RUs;tpy;  tpir  Mfpait  vz;kjpg;gpy;  rkkhfTk;  vjpnujph;  jpirapYk;  cs;sd.

mjhtJ ( )a sF F=-
ur ur

. P̀f; tpjpapd; gb> RUs;tpy;ypy; cUthFk; kPs;tpir>

sF k x=-
ur r

Nkw;fz;l  rkd;ghl;by;  cs;s  vjph;f;FwpahdJ  RUs;tpy;tpir  vg;NghJk;  ,lg;ngah;r;rp

( )x
r
f;F  vjph;j;jpirapy;  cs;sJ  vd;gijf;  Fwpf;fpwJ  kw;Wk; k  vd;gJ  tpir  khwpyp

MFk;. vdNt nray;gLj;jg;gl;l tpir aF k x= +
ur r

. Neh;FwpahdJ nray;gLj;jg;gl;l tpir

,lg;ngah;r;rpapd; jpirapy; cs;sJ vd;gijf; Fwpf;fpwJ. RUs;tpy; tpir ,lg;ngah;r;rp

x
r
I rhh;e;jpUg;gjhy; ,J khWk; tpirf;F xU vLj;Jf;fhl;lhFk;. RUs;tpy; dx vd;w rpW

njhiyTf;F  ePl;rpailtjhff;  fUJNthk;.  RUs;tpy;ypd;  kPJ  nray;gLj;jg;gl;l

tpirapdhy; x
r
,lg;ngah;r;rp  miltjw;F  nra;ag;gl;l  Ntiy  kPl;rp  epiy  Mw;wyhf

Nrkpf;fg;gLfpwJ.

0

. cos
x

a aU F dr F dr q= =ò ò
ur r r

0

cos
x

aF dx q= ò
nray;gLj;jg;gl;l tpir aF

ur
kw;Wk; ,lg;ngah;r;rp dr

r
 (mjhtJ ,q;F dx) Mfpait xNu

jpirapy;  cs;sd.  njhlf;f  epiyiar;  rkepiy  my;yJ  epLepiyahf

vLj;Jf;nfhz;lhy; x = 0 vd;gJ njhifaPl;bd; fPo; vy;iyahf cs;sJ.
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0

x

U kxdx= ò
2

02

x
xU k

é ù
= ê ú

ë û
2

2
U kx1

=

njhlf;fepiy Ropapy;iy vdpy;  epiwahdJ epiy xiKjy; xftiu efh;j;jg;gl;lhy;  kPl;rp
epiy Mw;wy;

( )2 21
2 f iU k x x= -

rkd;ghL  kw;Wk;  %yk;  mwptJ  ahnjdpy;  ePl;lg;gl;l  RUs;tpy;ypd;  epiy  Mw;wyhdJ

tpir khwpyp k kw;Wk; ePl;rp my;yJ mKf;fk; x Mfpatw;iwr; rhh;e;jJ.

RUs;tpy;ypDs;  Nrkpf;fg;gl;Ls;s  epiy  Mw;wyhdJ  RUs;tpy;Yld;
,izf;fg;gl;Ls;s epiwiar; rhh;e;jjy;y.

RUs; tpy;ypd; tpir - ,lg;ngah;r;rp tiuglk;:

tpirAk; ,lg;ngah;r;rpAk; F = - kx vd;w Neh;tpfpjj; njhlh;gpy; cs;sjhYk; kw;Wk; mit

vjpnujph;  jpirapy;  ,Ug;gjhYk; F kw;Wk; x  ,ilNa  cs;s  tiuglkhdJ
fhl;bAs;sthW ,uz;L kw;Wk;  ehd;fhtJ fhy;gFjpapy;  kl;LNk mike;j Neh;  Nfhlhf

cs;sJ.  ,J F  –  x  tiuglk;  tiutjd;  %yk;  kPl;rp  epiy  Mw;wiy  vspjhff;
fzf;fplyhk;. epoyplg;gl;l gug;G (Kf;Nfhzk;) RUs;tpy; tpirahy; nra;ag;gl;l Ntiy
MFk;.

gug;G = 1
2
 (mbg;gf;fk;) (cauk;)

1 ( ) ( )
2

x kx= ´ ´

= 21
2

kx

 RUs;tpy;ypd; epiy Mw;wy; - ,lg;ngah;r;rp tiuglk;
 xU mKf;fg;gl;l my;yJ ePl;lg;gl;l RUs;tpy;  jd;Ds; Nrkpf;fg;gl;l epiy Mw;wiy
mjDld;  ,izf;fg;gl;l  epiwapd;  ,af;f  Mw;wyhf  khw;WfpwJ.  epiy  Mw;wy;  -
,lg;ngah;r;rp  tiuglkhdJ  fhl;lg;gl;Ls;sJ.  cuha;tw;w  #oypy;>  Mw;wyhdJ
mikg;gpd;  nkhj;j  Mw;wy;  khwhjthW  ,af;f  Mw;wypy;  ,Ue;J  epiy  Mw;wyhfTk;
kw;Wk;  epiy  Mw;wypy;  ,Ue;J  ,af;f  Mw;wyhfTk;  kPz;Lk;  kPz;Lk;  khw;wkilfpwJ
rkepiyapy;>

∆KE = ∆U
vLj;Jf;fhl;L :

xU  RUs;tpy;fs; A  kw;Wk; B  apd;  RUs;khwpypfs;  vd;wthW  cs;sd.  mit  rk
tpirfshy;  ePl;rpailar;  nra;ag;gl;lhy;  ve;j  RUs;tpy;ypd;  kPJ  mjpf  Ntiy
nra;ag;gl Ntz;Lk;?
jPh;T:

F = kAxA = kBxB

xA = ; B
A B

F Fx
k k

= =

RUs;tpy;fs; kPJ nra;ag;gl;l Ntiy RUs;tpy;fspy; epiy Mw;wyhf Nrkpf;fg;gLfpwJ.

2 21 1;
2 2A A A B B BU k x U k x= =
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2

2

22

1

1

A
AA A A A

B B B
B B

B

Fk
kU k x k

U k x Fk kk

æ ö
ç ÷
è ø= = =
æ ö
ç ÷
è ø

A B

B A

U k
U k

=

kA>  kBFwpg;gJ UB>  UAMFk;.  vdNt A–  it  tpl B -  ,d;  kPJ  mjpf  Ntiy
nra;ag;gl Ntz;Lk;.

m  epiwAs;s  xU  nghUs;  RUs;tpy;Yld;  ,izf;fg;gl;L>  nray;gLj;jg;gLk;

tpirapdhy; mJ eLepiyapy; ,Ue;J 25 cm mstpw;F ePl;rpailfpwJ.

a.  RUs;tpy; - epiw  mikg;gpy;  Nrkpf;fg;gl;l  epiy  Mw;wiyf;
    fzf;fpLf.

b. ,e;j ePl;rpapy; RUs;tpy; tpirahy; nra;ag;gl;l Ntiy ahJ?
c.  RUs;tpy;yhdJ  mNj 25  cm  mstpw;F  mKf;fg;gl;lhy;  Nrkpf;fg;gLk;

  epiy  Mw;wy;  kw;Wk;  mKf;fj;jpd;NghJ  RUs;tpy;  tpirahy;

  nra;ag;gl;l  Ntiy  Mfpatw;iwf;  fzf;fpLf.  (RUs;tpy;  khwpyp k  =
0.1 n m-1)

jPh;T:

RUs;tpy; khwpyp k = 0.1 N m-1

,lg;ngah;r;rp x = 25 cm = 0.25 m
a. RUs;tpy;ypy; Nrkpf;fg;gl;l epiy Mw;wy;

2 21 1 0.1 (0.25) 0.0031
2 2

U kx J= = ´ ´ =

b. RUs;tpy; tpir F
ur
My; nra;ag;gl;l Ntiy Wskjpg;G

( )
0 0

. .( )
x x

sWs F dr k xi dxi= = -ò ò
ur r r

$

RUs;tpy; sF
ur
tpir vjph;f;Fwp x mr;rpd; jpirapy; nray;gLfpwJ. mNjrkak; ePl;rpahdJ

Neh;f;Fwp x mr;rpd; jpirapy; nray;gLfpwJ.

2

0

1( )
2

x

sW kx dx kx= - = -ò
21 0.1 (0.25) 0.0031

2sW J= - ´ ´ = -

ntspg;Gw  mikg;ghy;  nra;ag;gl;l  Ntiyapd;  %yk;  epiy  Mw;wiy  tiuaWf;fyhk;.
epiy  Mw;wypy;  cs;s  Neh;f;Fwp>  Mw;wyhdJ  mikg;gpypUe;J  nghUSf;F
khw;wg;gLtijf;  Fwpf;fpwJ.  Mdhy;  ,e;Neh;tpy;  kPs;  tpirahy;  nra;ag;gl;l  Ntiy
vjph;f;Fwp  kjpg;GilaJ.  Vndd;why;  kPs;tpirahdJ  ,lg;ngah;r;rpapd;  jpirf;F
vjph;j;jpirapy; nray;gLfpwJ.

c.  mKf;fj;jpd;  NghJk;  nghUspy;  mNj  msT  epiy  Mw;wy;
  Nrkpf;fg;gLfpwJ.

21 0.0031
2

U kx J= =

mKf;f g;gLk; NghJ RUs;tpy; kPs; tpirahy; nra;ag;gl;l Ntiy
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( ). ( ).
x x

s rs
o o

W F d kxi dxi= = -ò ò
ur

$ $

mKf;fg;gLk;  Neh;tpy;  RUs;tpy;  kPs;tpir  Neh;f;Fwp x  mr;ir  Nehf;fp  nray;gLfpwJ

kw;Wk; ,lg;ngah;r;rpahdJ vjph;f;Fwp x mr;rpd; jpirapy; cs;sJ.

Mw;wy;  khw;wh  kw;Wk;  Mw;wy;  khw;Wk;  tpirfs; (Conservative  force  and  Non
conservative force)
Mw;wy; khw;wh tpir (Conservative Force):
xU nghUis efh;j;Jk;  NghJ tpirapdhy;  my;yJ tpirf;nfjpuhf nra;ag;gl;l Ntiy
nghUspd; njhlf;f kw;Wk; ,Wjp epiyfis kl;Lk; rhh;e;Jk;> nghUspd; njhlf;f kw;Wk;

,Wjp  epiyfSf;fpilNa  nrd;w  ghijapd;  ,ay;igr;  rhuhkYk;  ,Ug;gpd;;  mt;tpir>
Mw;wy; khw;wh tpir vdg;gLk;.

Gtpapy; A  vd;w  Gs;spapy;  cs;s  xU  nghUisf;  fUJNthk;.  ,jid h  cauj;jpy;

cs;s B vd;w kw;nwhU Gs;spf;F %d;W ghijfspy; vLj;Jr; nry;yyhk;.

ghij  vt;thW  ,Ug;gpDk;  njhlf;f  kw;Wk;  ,Wjp  epiyfs;  khwhky;  ,Uf;Fk;  tiu
GtpaPh;g;G  tpirf;nfjpuhf  nra;ag;gl;l  Ntiy  khwhJ.  ,JNt  GtpaPh;g;G  tpirahdJ
Mw;wy; khw;wh tpirahf ,Ug;gjw;F fhuzkhFk;. Mw;wy; khw;wh tpir epiy Mw;wypd;
vjph;f;Fwp rha;Tf;F rkkhFk;.
xU ghpkhz Neh;tpy;

x
dUF
dx

=

kPl;rp  RUs;tpy;  tpir>  epiykpd;dpay;  tpir>  fhe;jtpir>  GtpaPh;g;G  tpir  Nghd;wit
Mw;wy; khw;wh tpirfSf;F cjhuzq;fs; MFk;.

Mw;wy; khw;Wk; tpir (Non-Conservative Force)

xU  nghUis  tpirapdhy;  my;yJ  tpirf;nfjpuhf  efh;j;jr;  nra;ag;gl;l  Ntiy
njhlf;f  kw;Wk;  ,Wjp  epiyfSf;fpilNa  cs;s  ghijiar;  rhh;e;jpUg;gpd;  mt;tpir
Mw;wy;  khw;Wk;  tpir  vdg;gLk;.  ,jd;  nghUs;  ntt;NtW  ghijfspy;  nra;ag;gl;l
Ntiyapd; kjpg;G khWgLk; vd;gjhFk;.

1. cuha;T  tpirfs;  Mw;wy;  khw;Wk;  tpirfs;  MFk;.  Vndd;why;  cuha;Tf;F  vjpuhf
nra;ag;gl;l Ntiy nghUs; efh;e;j ghijapd; njhiyitr; rhh;e;jJ.

2. fhw;Wj;jilahy;  Vw;gLk;  tpir>  ghfpay;  tpir  MfpaitAk;  Mw;wy;  khw;Wk;
tpirfs; MFk;. ,t;tpirahy; my;yJ

Mw;wy; khw;wh kw;Wk; Mw;wy; khw;Wk; tpirfis xg;gpLjy;:

t.vz; Mw;wy; khw;wh tpirfs; Mw;wy; khw;Wk; tpirfs;

1. nra;ag;gl;l  Ntiy  ghijiar;
rhh;e;jjy;y

nra;ag;gl;l Ntiy ghijiar; rhh;e;jJ

2. xU  Rw;wpy;  nra;ag;gl;l  Ntiy
RopahFk;

xU  Rw;wpy;  nra;ag;gl;l  Ntiy
Ropay;y

3. nkhj;j Mw;wy; khwhJ Mw;wyhdJ  ntg;g  Mw;wy;>  xsp
Mw;wyhf ntspg;gLfpwJ

4. nra;ag;gl;l  Ntiy  KOtJk;
kPl;fg;glf; $baJ

nra;ag;gl;l  Ntiy  KOtJk;
kPl;fg;glf; $baJ my;y.

5. tpirahdJ  epiy  Mw;wypd;
vjph;f;Fwp rha;Tf;F rkkhFk;

mJ Nghd;w njhlh;G ,y;iy

tpirf;nfjpuhf nra;ag;gl;l Ntiy ,af;fj;jpd; jpirNtfj;ijr; rhh;e;jJ.
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Mw;wy; khw;wh kw;Wk; Mw;wy; khw;Wk; tpirfspd; gz;Gfs; njhFf;fg;gl;Ls;sd.

vLj;Jf;fhl;L:
fPo;fz;l Neh;Tfspy; GtpaPh;g;G tpirapdhy; nra;ag;gl;l Ntiyiaf; fzf;fpLf.

jPh;T:

tpir $( ) $F mg j mg j= - = -
ur

,lg;ngah;r;rp ntf;lh; $d r dxi dy j= +
r

$

 (,lg;ngah;r;rp  ,U  ghpkhzj;jpy;  cs;sjhy;  myF  ntf;lh;fs; i$ kw;Wk; $j
gad;gLj;jg;gLfpwJ)

(a)  ,af;fkhdJ  nrq;Fj;jhf  kl;Lk;  cs;sjhy;>  ,lg;ngah;r;rpapd;  fpilj;jsf;$W dx
RopahFk;.  vdNt  ghij  1  ,d;  topNa  tpirapdhy;  nra;ag;gl;l  Ntiy (h
njhiytpw;F)

$( ) $( ). .
B B

A A

W F dr mg j dy j= = -ò ò
ur r

ghij1

= -mg
0

h

dyò  = -mgh

ghij 2 ,y; nra;ag;gl;l nkhj;j Ntiy

. . . .
B C D B

A A C D

W F dr F d r F dr F d r= = + +ò ò ò ò
ur r ur r ur r ur r

ghij2

Mdhy;

$( ) ( ). . 0
C C

A A

F dr mg j dxi= - =ò ò
ur r

$

$ $( ). ( ).
D D

C C

F d r mg j dy j= -ò ò
ur r

=
0

h

mg dy mgh=ò

$( ) ( ). . 0
B B

D D

F dr mg j dxi= - - =ò ò
ur r

$

vdNt ghij 2 ,d; topNa tpirapdhy; nra;ag;gl;l nkhj;j Ntiy

Wghij2 = .
B

A

F dr mgh=-ò
ur r

Mw;wy;  khw;wh  tpirapdhy;  nra;ag;gl;l  Ntiy  ghijiar;  rhh;e;jjy;y  vd;gij
mwpaTk;.

vLj;Jf;fhl;L

2 kg epiwAs;s xU nghUs; ,af;f cuha;Tf; Fzfk; 0.9 nfhz;Ls;s xU gug;gpy; 20
N Gwtpirapdhy; 10 m njhiytpw;F efh;j;jg;gLtjhff; fUJf. Gwtpir kw;Wk; ,af;f

cuha;tpdhy; nra;ag;gl;l Ntiy vd;d? Kbitg; gw;wpa fUj;ijf; $Wf. (g = 10 m s-

2vdf; nfhs;f)
jPh;T:
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m = 2 kg, d = 10 m, Fext = 20 N, = μk = 0.9
xU nghUs; fpilkl;l gug;gpy; ,aq;Fk; NghJ mJ ,U tpirfisg; ngWfpwJ.

a. Gw tpir Fext = 20 N
b. ,af;f cuha;T tpir

fk = μkmg = 0.9 ×  (2) × 10 = 18 N

Gwtpirapdhy; nra;ag;gl;l Ntiy

Wext = Fd = 20 × 10 = 200 J
,af;f cuha;T tpirapdhy; nra;ag;gl;l Ntiy

Wk = fkd = (-18) × 10 = - 180 J
,q;F  vjph;f;FwpahdJ  ,af;f  cuha;T  tpir>  ,lg;ngah;r;rpapd;  jpirf;F  vjpuhf
cs;sijf; Fwpf;fpwJ.

nghUspd; kPJ nra;ag;gl;l nkhj;j Ntiy

W total = Wext + Wk = 200 – 180 = 20 J
cuha;T tpir xU Mw;wy;  khw;Wk;  tpir vd;gjhy;  Gwtpirahy;  nfhLf;fg;gl;l 200  J
,y; 190 J ,of;fg;gl;lJ kw;Wk; ,jid kPl;nlLf;f ,ayhJ.

Mw;wy; khwh tpjp (Law of Conservation of energy):
xU  nghUis  ehk;  Nky;Nehf;fp  vwpe;jhy;  mjd;  ,af;f  Mw;wy;  Fiwe;J  nfhz;Nl
nry;fpwJ  kw;Wk;  mjd;  epiy  Mw;wy;  mjpfhpj;Jf;  nfhz;Nl  nry;fpwJ  (fhw;Wj;
jilia  Gwf;fzpf;Fk;NghJ)  nghUshdJ  ngUk  cauj;ij  milAk;NghJ  Mw;wy;
KOtJk;  epiy  Mw;wyhFk;.  mJNghd;W  nghUshdJ  ngUk  cauj;jpy;  ,Ue;J
tPOe;jhy;  mjd; ,af;f Mw;;wy;  mjpfhpf;Fk;  kw;Wk;  epiy Mw;wy;  FiwAk;.  jiuiaj;
njhLk;NghJ  mjd;  Mw;wy;  KOtJk;  ,af;f  Mw;wyhFk;.  ,ilg;gl;l  Gs;spfspy;
Mw;wyhdJ  ,af;f  Mw;wyhfTk;  epiy  Mw;wyhfTk;  ,Uf;Fk;.  nghUshdJ  jiuia
milAk; NghJ ,af;f

,e;j  cjhuzj;jpy;  xt;nthU  Gs;spapYk;  epiyahw;wy;  kw;Wk;  ,af;f  Mw;wy;  khWk;.
vdpDk;>  ,af;f  Mw;wy;  kw;Wk;  epiy  Mw;wypd;  $Ljy;  mjhtJ  nkhj;j  ,ae;jpu
Mw;wy;  vg;NghJk;  khwhJ.  ,J  nkhj;j  Mw;wy;  khwhJ  vd;gijf;  Fwpf;fpwJ.  ,JNt
Mw;wy; khwh tpjpahFk;.

Mw;wy;  khwh  tpjpapd;gb  Mw;wiy  Mf;fNth  mopf;fNth  ,ayhJ.  Mw;wyhdJ  xU
tifapypUe;J kw;nwhU tifahf khwf;$baJ. Mdhy; xU jdpj;j mikg;gpd; nkhj;j
Mw;wy; khwpypahf ,Uf;Fk;.

tpsf;FtJ  ahnjdpy;>h  cauj;jpy;  xa;tpy;  cs;s  xU  nghUspd;  nkhj;j  Mw;wy;

KotJk; epiy Mw;wy; (U = mgh) kl;LNk. NkYk; h cauj;jpy; mjd; ,af;f Mw;wy;

(KE) RopahFk;.
nghUs;  fPNo  tpOk;NghJ 'y'  njhiytpy;  mjd;  epiyahw;wy;  kw;Wk;  ,af;f  Mw;wy;

RopahfhJ.  mNjrkak; h  cauj;jpy;  ,Ue;j  mNj  mstpy;  nkhj;j  Mw;wy;  khwhky;
,Uf;Fk;.  nghUs;  jiuiaj;  njhl  neUq;Fk;  NghJ  epiy  Mw;wy;  RopahFk;  kw;Wk;
nkhj;j Mw;wy; ,af;f Mw;wyhf kl;LNk ,Uf;Fk;.

vLj;Jf;fhl;L

1 kg epiwAs;s xU nghUs; h = 10 m cauj;jpypUe;J tpOfpwJ.

(a) h = 10 m cauj;jpy; nghUspd; nkhj;j Mw;wy;

(b) h = 4 m cauj;jpy; nghUspd; epiy Mw;wy;

(c) h = 4 m cauj;jpy; nghUspd; ,af;f Mw;wy;
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(d)nghUs; jiuapy; NkhJk; Ntfk; Mfpatw;iwf; fzf;fpLf.

(g = 10 ms-2vdf; nfhs;f)

jPh;T:

(a)  GtpaPh;g;G  tpir  Mw;wy;  khw;wh  tpirahFk;.  vdNt  ,af;fk;  KOtJk;
   nkhj;j Mw;wy; khwhky; ,Uf;Fk;.

h  =  10  m  cauj;jpy;  nkhj;j  Mw;wy; (E)  KOtJk;  epiy  Mw;wyhf
,Uf;Fk;.

E = U = mgh = 1 × 10 × 10 = 100 J
(b) h = 4 m cauj;jpy; epiy Mw;wy;

U = mgh = 1 × 10 × 4 = 40 J

(c)  ,af;fk;  KOtJk;  nkhj;j  Mw;wy;  khwpyp  vd;gjhy; h  =  4  m
    cauj;jpy; ,af;f Mw;wyhdJ

KE = E – U = 100 – 40 = 60J

khwhf 4 m cauj;jpy; nghUspd; jpirNtfj;jpy; ,Ue;Jk; ,af;f Mw;wiyf; fhzyhk;.

6 m tPo;e;j gpwF cs;s jpirNtfj;ij ,af;fr; rkd;ghl;bypUe;J fzf;fplyhk;.
12 2 10 6 120v gh ms-= = ´ ´ =

2 120v =

,af;f Mw;wy; 21 1 1 120 60
2 2

KE mv J= = ´ ´ =

d.  nghUs;  jiuapy;  NkhJk;  epiyapy;  nkhj;j  Mw;wy;  KOtJk;  ,af;f

   Mw;wyhFk;. NkYk; epiy Mw;wy; U = O

E = KE = 21 100
2

mv J=

v = 12 2 100 200 14.12
1

KE ms
m

-= ´ = »

vLj;Jf;fhl;L
glj;jpy;  fhl;bAs;sthW  100  kg  epiwAs;s  xU  nghUs;  jiuapypUe;J  10  m
cauj;jpw;F  ,U  khWgl;l  topfspy;  J}f;fg;gLfpwJ.  ,U  Neh;TfspYk;  GtpaPh;g;ghy;
nra;ag;gl;  Ntiy  vd;d?  rha;jsj;jpd;  topahf  nghUis  vLj;Jr;  nry;tJ  vspjhf
cs;sJ Vd;?

jPh;T:

m = 100 kg, h = 10 m
ghij (1) ,d; topNa:

nghUis 10  m  cauj;jpw;Fj;  J}f;fj;  Njitahd  rpWk  tpir F1  tpir  GtpaPh;g;G
tpirf;Fr; rkkhf ,Uf;f Ntz;Lk;.

F1 = mg = 100 × 10 = 1000 N
ghij (1) ,d; topNa efh;;e;j njhiyT h = 10 m
ghij (1) ,d; topNa nghUspd; kPJ nra;ag;gl;l Ntiy

W = Fh = 1000 × 10 = 10,000 J

ghij (2) ,d; topNa:
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rha;jsj;jpd;  topNa  nghUisf;  nfhz;L  nry;y  nghUspd;  kPJ  ehk;  nrYj;Jk;  rpWk

tpir F2MdJ mg– f;F rkkhf ,y;iy> khwhf mg sinθ-f;F rkkhFk;. mg sinθ< mg)
vdNt (mg sin θ< mg)
rha;jsg; ghijapd; ePskhdJ

10 20
sin 30 0.5

hl m= = =
°

ghij (2) ,d; topNa nghUspd; kPJ nra;ag;gl;l
Ntiy W = F2l = 500 × 20 = 10,000 J
GtpaPh;g;G  tpirahdJ  Mw;wy;  khw;wh  tpir  vd;gjhy;  GtpaPh;g;ghy;  nghUspd;  kPJ
nra;ag;gl;l Ntiy mjid nfhz;L nrd;w ghijiar; rhh;e;jjy;y.

,U ghijfspYk; GtpaPh;g;G tpirahy; nra;ag;gl;l Ntiy 10>000 J MFk;.

ghij  (1)  ,d;  topNa:  Fiwthd  njhiyT  efh;j;j  GtpaPh;g;Gf;F  vjpuhf  mjpfkhd
tpir nrYj;j Ntz;bAs;sJ.

ghij  (2)  ,d;  topNa:  mjpfkhd  njhiyT  efh;j;j  GtpaPh;g;Gf;F  vjpuhf  Fiwthd
tpir nrYj;j Ntz;bAs;sJ.

rha;jsj;jpd;  topNa  nrYj;jg;gl  Ntz;ba  tpir  Fiwthf  cs;sjhy;  rha;jsj;jpd;
topahf nghUis vLj;Jr; nry;tJ vspjhf cs;sJ.

vLj;Jf;fhl;L:

m epiwAs;s xU nghUs; jiuapypUe;J v0vd;w njhlf;f Ntfj;Jld; Vwpag;gLfpwJ. h
cauj;jpy; mjd; Ntfj;ijf; fhz;f.

jPh;T:
GtpaPh;g;G tpir Mw;wy; khw;wh tpir vd;gjhy; ,af;fk; KOtJk; nkhj;j Mw;wy;

khwhJ.

Mw;wy; njhlf;fj;jpy; ,Wjpapy;
,af;f Mw;wy; 2

0
1
2

mv 21
2

mv

epiy Mw;wy; 0 mgh
nkhj;j Mw;wy; 2 2

0 0
1 10
2 2

mv mv+ = 21
2

mv mgh+

h cauj;jpy;  epiy Mw;wy;>  ,af;f Mw;wy;  kw;Wk;  nkhj;j Mw;wy;  Mfpatw;wpd;  ,Wjp
kjpg;Gfs; fzf;fplg;gl;Ls;sd.

Mw;wy; khwh tpjpapd; gb njhlf;f kw;Wk; ,Wjp nkhj;j Mw;wy;fs; rkkhFk;.

2 2
0

1 1
2 2

mv mv mgh= +

2 2
0 2v v gh= +

v = 2
0 2v gh-

ghlg;gFjp ,y; ,af;ftpay; rkd;ghl;ilg; gad;gLj;jp Ez;fzpj Kiwg;gb ,J Nghd;w
KbT ngwg;gl;lij ftdpf;fTk;. vdpDk; Mw;wy; khwh tpjpapd; Kiwg;gb fzf;fpLtJ
Ez;fzpj Kiwiatpl kpfTk; vspjhf cs;sJ.
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xU RUs;tpy;Yld; ,izf;fg;gl;l 2 kg epiwTs;s xU nghUs; mjd; rkepiyapypUe;J

x = 10 m vd;w njhiyTf;F efh;j;jg;gLfpwJ. RUs;tpy; khwpyp k = 1 N m-1kw;Wk; gug;G
cuha;tw;wfhff; fUJf.

a. nghUshdJ rkepiyiaf; flf;Fk;NghJ mjd; Ntfk; vd;d?

b.  nghUshdJ  rkepiyiaf;  flf;Fk;  NghJk;>x  = ±  10  m vd;w  tpspk;G

   epiyia flf;Fk; NghJk; nghUspd; kPJ nray;gLk; tpir ahJ?

jPh;T:

a.  RUs;tpy;  tpir  xU  Mw;wy;  khw;wh  tpir  Mifahy;  nkhj;j  Mw;wy;

  khwpyp  MFk;. x  =  10m vDk;NghJ  nkhj;j  Mw;wy;  KOtJk;  epiy
  Mw;wyhf kl;LNk ,Uf;Fk;.

2 21 1 (1) (10) 50
2 2

E U kx J= = = ´ ´ =

nghUs; rkepiyiaf; flf;Fk; NghJ (x = 0), epiy Mw;wyhdJ

 U = 1 1 ( )
2

O O J´ ´ =

,e;epiyapy; KO Mw;wYk; ,af;f Mw;wyhf kl;LNk cs;sJ.

21 50
2

E KE mv J= = =

Ntfk;

1 12 2 50 50 7.07
2

KEv ms ms
m

- -´
= = = »

RUs;tpy;ypd; kPs;tpir F = – kx vd;gjhy; nghUshdJ eLepiyiaf; flf;Fk; NghJ mJ
vt;tpiriaAk;  czuhJ.  eLepiyapy;  nghUshdJ  kpf  Ntfkhf  efUfpwJ  vd;gij

mwpaTk;. nghUshdJ x = +10 m (ePl;rp) vd;w epiyapy; cs;sNghJ tpir F = -kx

F  =  -(1)  (10)  =  -  10N   ,q;F  vjph;FwpahdJ tpir  eLepiyia Nehf;fp>  mjhtJ vjph;
mr;ir Nehf;fp cs;sijf; Fwpf;fpwJ. NkYk; nghUshdJ

x = ± 10 m (mKf;fk;) vd;w epiyapy; cs;sNghJ mJ czUk; tpir

F  =  -(1)  (10)  =  -  10N ,q;F  Neh;f;FwpahdJ  tpir  Neh; x  - mr;ir  Nehf;fp  cs;sijf;
Fwpf;fpwJ.

vd;w  epiyapy;  nghUshdJ  ,e;j  ,U  tpspk;G  Gs;pspfspYk;  ngUk  tpiria
czh;e;jhYk; fzNeu xa;T epiyf;F tUfpwJ.

nrq;Fj;J tl;l ,af;fk; (Motion in a vertical circle):
m  epiwAs;s  xU  nghUs;  epiwaw;w>  ePl;rpj;  jd;ikaw;w  E}ypd;  xU  Kidapy;
,izf;fg;gLfpwJ.  NkYk;>  E}ypd;  kWKidahdJ  epiyahf  ,Uf;FkhW
nghUj;jg;gl;Ls;sJ.  me;jg;nghUs;  nrq;Fj;Jj;  jsj;jpy;  mike;j  tl;l  ,af;fj;ij

Nkw;nfhs;tjhff; gw;wp mwpa jdpj;j nghUspd; tpirg;glk; (Free body dagram) xd;iwf;
fUJNthk;.  ,q;F  epiyntf;lh; ( )r

r
 MdJ  nrq;Fj;jhd  fPo;Nehf;fpa  jpirAld;

Nfhzj;ij θVw;gLj;jp glj;jpy; cs;sthW cldb jpirNtfj;ijf; nfhz;Ls;sJ.
1. fPo; Nehf;fp nray;gLk; GtpaPh;g;G tpir
2. E}ypd; topNa nray;gLk; ,Otpir
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nghUspd; kPJ epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;j> njhLNfhl;Lj; jpirapy;>

mg sin θ = mat

mg sin θ = -m dv
dt

æ ö
ç ÷
è ø

,q;F t
dva
dt

=   vd;gJ njhLNfhl;Lj; jpirapy; vjph; KLf;fk; MFk;.

Muj;jpirapy;>

T – mg cosθ  = m ar

T – mg cos θ =
2mv

r

,q;F
2

r
va
r

=  vd;gJ ikaNehf;F KLf;fk; MFk;.

,af;fj;ij  ed;F  GHpe;J  nfhs;Sk;tifapy;  tl;lj;ij A,  B,  C,  D  vd;w  ehd;F
gFjpfshfg;  gphpf;fyhk;.  Nkw;fz;l  ,U  rkd;ghLfspy;  ,Ue;J  fPo;f;fz;lthW  ehd;F
Kf;fpa fUj;Jfis Ghpe;J nfhs;syhk;.

1. nghUshdJ  midj;J θ  kjpg;GfSf;Fk; (θ=  0°  jtpu)  njhLNfhl;Lj;  jpirapy;
KLf;fj;ij (g  sin θ)  nfhz;bUf;fpwJ.  ,e;j  nrq;Fj;J  tl;;l  ,af;fk;  xU  rPuhd
tl;l ,af;fk; my;y vd;gJ njspthfpwJ.

2. rkd;ghLfs;  kw;Wk;   ,Ue;J  mwpe;J  nfhs;tJ  vd;dntdpy;  ,af;fj;jpd;  NghJ
jpirNtfj;jpd; vz; kjpg;G khWtjhy;> E}ypd; ,OtpirAk; khWfpd;wJ.

3. rkd;ghL
2

cos mvT mg
r

q= + Rl;bf;fhl;LtJ  tl;lj;jpd; A  kw;Wk; D  gFjpfspy; (-

0
2 2
p p

< < kw;Wk; cos θNeh;f;Fwp) mg  cosθvg;NghJk;  Ropiatpl  mjpfkhFk;.  vdNt

jpirNtfk; RopahdhYk; ,Otpir RopahfhJ.

4. rkd;ghL
2

cosmv T mg
r

q= - NkYk;  Rl;bf;fhl;LtJ  tl;lj;jpd; B  kw;Wk; C  gFjpfspy;

3(
2 2
p pq< < kw;Wk; cos θvjph;f;Fwp)> rkd;ghl;bd; ,uz;lhtJ gFjp (- mg cos θ) vg;NghJk;

Ropia tpl mjpfkhFk;. vdNt ,Otpir RopahdhYk; jpirNtfk; RopahfhJ.

nrq;Fj;J tl;l ,af;fk; njhlh;ghd fzf;Ffis jPh;Tfhzk;NghJ Nkw;fz;l fUj;Jfis
kdjpy; nfhs; Ntz;Lk;.

mbg;gf;f  Gs;sp  1  kw;Wk;  Nkw;gf;fGs;sp  2  Mfpa  ,U  epiyfis  kl;Lk;  fUj;jpy;
nfhz;L NkYk; gFg;gha;T nra;Nthk;. nghUspd; jpirNtfkhdJ mbg;gf;fGs;sp 1 ,y;

1v
r
vdTk;.  Nkw;gf;f  Gs;sp  2  ,y; 2v

r
vdTk;  NtW  ve;j  Gs;spapYk; v

r
vdTk;  nfhs;f.

jpirNtfj;jpd;  jpir  midj;Jg;  Gs;spfspYk;  tl;lg;ghijapd;  njhLNfhl;Lj;  jpirapy;

cs;sJ.  mbg;gf;fg;  Gs;spapypUe;J  E}ypd;  ,OtpirahdJ 1T
ur
vdTk;>  Nkw;gf;f

Gs;spapypUe;J ,Otpir 2T
ur
vdTk; NtW ve;j Gs;spapYk; ,Otpir T

ur
vdTk; nfhs;f.

xt;nthU  Gs;spapYk;  ,Otpirikag;Gs;spia  Nehf;fp  nray;gLfpwJ.  Mw;wy;  khwh
tpjpiag;  gad;gLj;jp  ,e;j  ,U  Gs;spfspYk;  ,Otpirfs;  kw;Wk;  jpirNtfq;fis
fzf;fplyhk;.
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mbg;gf;f Gs;sp (1):

nghUshdJ  mbg;gf;f  Gs;sp  1  ,y;  cs;sNgh  GtpaPh;g;G  tpir mg
ur
nghUspd;  kPJ

nrq;Fj;jhf  fPo;Nehf;fp  nray;gLfpwJ  kw;Wk;  ,Otpir 1T
ur
nrq;Fj;jhf  Nky;Nehf;fp

mjhtJ ikag;Gs;spia Nehf;fp nray;gLfpwJ. rkd;ghL ,Ue;J ehk; ngWtJ
2
1

1
mvT mg

r
- =

2
1

1
mvT mg

r
= +

Nkw;gf;f Gs;sp (2):

Nkw;gf;f Gs;sp 2 ,y; nghUspd; kPjhd GtpaPh;g;G tpir mg
ur
kw;Wk; ,Otpir 2T

ur
Mfpa

,uz;Lk; fPo;Nehf;fp mjhtJ ikag;Gs;spia Nehf;fp nray;gLfpwJ.
2
2

2
mvT mg

r
+ =

2
2

2
mT mg
r

= -

rkd;ghLfs;  kw;Wk; T1>  T2  vd  mwpayhk;.  ,Otpirapd;  NtWghL T1  –T2  MdJ
rkd;ghL  rkd;ghL ,Ue;J fopg;gjd; %yk; ngwg;gLfpwJ.

2 2
1 2

1 2
mv mvT T mg mg

r r
æ ö

- = + - -ç ÷
è ø

=
2 2
1 2mv mvmg mg

r r
= + - +

2 2
1 2 1 2 2mT T v v mg

r
é ù- = - +ë û

Gs;sp  1  kw;Wk;  2  ,y;  Mw;wy;  khwh tpjpiag;  gad;gLj;jp 2 2
1 2v vé ù-ë û kjpg;ig vspjhff;

fzf;fplyhk;.

,OtpirAk;  nghUs;  nry;Yk;  jpirAk;  vg;NghJk;  xd;Wf;nfhd;W  nrq;Fj;jhf
cs;sjhy; ,OtpirahdJ nghUspd; kPJ vt;tpj NtiyAk; nra;ahJ.
GtpaPh;g;G  tpirahdJ nghUspd;  kPJ Ntiy nra;fpwJ.  NkYk;  mJ Mw;wy;  khw;wh
tpir vd;gjhy; ,af;fk; KOtJk; nghUspd; nkhj;j Mw;wy; khwhJ.

Gs;sp 1 ,y; cs;s nkhj;j Mw;wy; (E1) Gs;sp 2 ,y; cs;s nkhj;j Mw;wy; (E2) f;F
rkkhFk;.

E1 = E2

Gs;sp  1  ,y;  epiy Mw;wy; U1 =  0 (Gs;sp  1  I Fwpg;Gg;  Gs;spahf vLj;Jf;nfhs;tjd;
%yk;)

Gs;sp 1 ,y; ,af;f Mw;wy; KE1 = 2
1

1
2

mv

Gs;sp 1 ,y; nkhj;j Mw;wy; 2 2
1 1 1 1 1

1 10
2 2

E U KE mv mv= + = + =

,JNghd;Nw Gs;sp 2 ,y; epiy Mw;wy; U2 = mg (2r)
(Gs;sp 1 ,y; ,Ue;J h kjpg;G 2r MFk;)

Gs;sp 2 ,y; ,af;f Mw;wy; KE2 = 2
2

1
2

mv

Gs;sp 2 ,y; nkhj;j Mw;wy;
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2
2 2 2 2

12
2

E U KE mgr mv= + = +

rkd;ghL cs;sthW Mw;wy; khwh tpjpg;gb

2 2
1 2

1 12
2 2

mv mgr mv= +

khw;wpaikf;f

2 2
1 2

1 ( ) 2
2

m v v mgr- =

2 2
1 2 4v v gr- =

rkd;ghL rkd;ghL gpujpapl

[ ]1 2 4 2mT T gr mg
r

- = +

vdNt ,Otpirapy; khWghlhdJ

1 2 6T T mg- =

Nkw;gf;f Gs;sp (2) ,y; rpWk Ntfk;:
nghUshdJ Gs;sp 2 ,y; xU rpWk Ntfj;ijf; nfhz;bUf;f Ntz;Lk;> ,y;iynadpy;
Gs;sp  2  I  milAk;  Kd;ghf  E}yhdj  jsh;Tw;W  mjdhy;  nghUs;  tl;lg;ghijia

epiwT nra;ahJ. ,e;j rpWk Ntfj;ijf; fzf;fpl rkd;ghL ,y; ,Otpir T2 = 0 vdf;
nfhs;Nthk;.

0 =
2
2mv mg

r
-

2
2mv mg

r
=

2
2v rg=

2v gr=

nghUshdJ tl;lg;ghijapy;  njhlh;e;j ,aq;f Gs;sp 2 ,y; 2v gr³  vd;w Ntfj;ijf;

nfhz;bUf;f Ntz;Lk;.

mbg;Gs;sp (1) ,y; rpWk Ntfk;:

Gs;sp 2 ,y; ,e;j rpWk Ntfj;ijg; ( )2v gr= ngw nghUshdJ Gs;sp 1 Yk; xU rpWk

Ntfj;ijf; nfhz;bUf;f Ntz;Lk;.
rkd;ghL Ig; gad;gLj;jp Gs;sp 1 ,y; rpWk Ntfj;ij ehk; fhzyhk;.

2 2
1 2 4v v gr- =

rkd;ghL gpujpapl
2
1 4v gr gr- =
2
1 5v gr=

1 5v gr=

nghUshdJ tl;lg;ghijapy; njhlh;e;J ,aq;f Gs;sp 1 ,y; 1( 5 )v gr³ vd;w Ntfj;ijf;

nfhz;bUf;f Ntz;Lk;.

rkd;ghLfs;  ,Ue;J  mwptJ  vd;dntdpy;  nghUs;  tl;lg;ghijia  tpl;L  tpyfhky;
epiwT nra;a mbg;Gs;sp 1 ,y; rpWk NtfkhdJ Nkw;gf;f Gs;sp 2 ,y; cs;s rpWk

Ntfj;ij tpl 5 klq;F ,Uf;f Ntz;Lk;.
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vLj;Jf;fhl;L:

fapw;Wld;  fl;lg;gl;l  xU  thspapy;  cs;s  ePh; 0.5  m  MuKs;s  nrq;Fj;J  tl;lj;ij
Rw;wp  Row;wg;gLfpwJ.  ,af;fj;jpd;  NghJ  ePuhdJ  thspapy;  ,Ue;J  rpe;jhky;  ,Uf;f

mbg;Gs;spapy; ,Uf;f Ntz;ba rpWk jpirNtfj;ijf; fzf;fpLf. (g = 10 ms-2)
jPh;T

tl;lj;jpd; Muk; r = 0.5 m
Nkw;gf;f Gs;spapy; Njitahd Ntfk; 1

2 10 0.5 5v gr m s-= = ´ =

mbg;gf;f Gs;spapy; Ntfk; 1
1 5 5 5 5 5v gr gr m s-= = ´ = ´ =

jpwd; (Power):
jpwdpd; tiuaiw:
jpwd; vd;gJ vt;tsT Ntfkhf my;yJ nkJthf xU Ntiy nra;ag;gLfpwJ vd;gjd;
msthFk;.  Ntiy  nra;ag;gLk;  tPjk;  my;yJ  Mw;wy;  ntspg;gLk;  tPjk;>  jpwd;  vd
tiuaWf;fg;gLfpwJ.

jpwd; (P) = ( )
)

W
t

nra;ag; gl; l Ntiy

vLj;Jf; nfhz;l Neuk; (

P = W
t

ruhrhpj; jpwd;:
nra;ag;gl;l  nkhj;j  Ntiyf;Fk;  vLj;Jf;  nfhz;l  nkhj;j  Neuj;jpw;Fk;  ,ilNa

cs;s tpfpjk; ruhrhpj;jpwd; ( )Pruhrhp vd tiuaWf;fg;gLfpwJ.

( )P =ruhrhp

nra;ag; gl; l nkhj; j Ntiy

vLj;Jf; nfhz;l nkhj;j Neuk;

cldpbj; jpwd;:
xU fz Neuj;jpy;  (Neu ,ilntsp Ropia neUq;Fk;  NghJ) ntspg;gLk;  jpwd;

cldbj; jpwd; ( )Pcldb vd tiuaWf;fg;gLfpwJ.

( ) dwP
dt

=cldb

jpwdpd; myF:

jpwd; xU ];Nfyh; msthFk;. mjd; ghpkhzk; (ML2T-3) jpwdpd; SI myF thl;

(W)  vd;W  ePuhtp  ,ae;jpuj;ijf;  fz;Lgpbj;j  N[k;];  thl;  ngauhy;
miof;fg;gLfpwJ.

xU  tpdhbapy;  xU  [Py;  Ntiy  nra;ag;gl;lhy;  jpwd;  xU  thl;  vd

tiuaWf;fg;gLfpwJ. (1W  =  1Js-1) fpNyhthl; (KW),  nkfhthl; (MW)  kw;Wk;
[pfhthl; (GW) Mfpait jpwdpd; cah; myFfs; MFk;.

1 KW = 1000 W = 103thl;

1 MW = 106thl;

1 GW = 109thl;
Nkhl;lhh;fs;>  ,ae;jpuq;fs;  kw;Wk;  rpy  jhdpaq;fp  thfdq;fSf;F  Fjpiuj;jpwd;

(horse  –  power)  (hp) vd;wiof;fg;gLk;  jpwdpd;  gioa  myfhdJ tzpfhPjpahf

,d;Dk; gad;ghl;by; cs;sJ. Fjpiuj;jpwid (hp) thl; (W) vd;w myfpy; khw;w

1hp = 746 W
midj;J  kpd;  rhjdq;fspd;  kPJk;  xU  Fwpg;gpl;l  jpwdpd;  msT  mr;rplg;gl;L
toq;fg;gLfpd;wd.  xU  100  thl;  tpsf;F  (bulb)  xU  tpdhbapy;  100  [Py;  kpd;
Mw;wiy  Efh;fpwJ.  [{y;  vd;w  myfhy;  msf;fg;gLk;  Mw;wypd;  jpwid  thl;
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vd;w myfpYk;  Neuj;ij tpdhb vd;w myfpYk;  Fwpg;gpLtjhy; 1  J  =  1  Ws vd
vOjyhk;.  kpd;  cgfuzq;fs;  gy  kzp  Neuj;jpw;F  gad;ghl;by;  cs;sNghJ

mit mjpf mstpyhd Mw;wiy EfUfpd;wd. kpd; Mw;wiy thl; tpdhb (Ws)
vd;w rpwpa myfpy;  mstpLk;NghJ nghpa vz;  kjpg;Gfisf;  ifahs Ntz;Lk;.

vdNt  kpd;  Mw;wyhdJ fpNyhthl;  kzp (kilowatt  hour  –  kwh) vd;w  myfhy;
mstplg;gLfpwJ.

1 kpd; myF (1 A+dpl;) = 1 KWh = 1 (103W) × 3600 s)
1 kpd; myF = 3600 × 103 Ws
1 kpd; myF = 3.6 × 106 J

1 KWh = 3.6 106 J
kpd;  Mw;wy;  Efh;Tf;F KWh vd;w  myfpy;  kpd;fl;lz  gl;bay;fs;

jahhpf;fg;gLfpd;wd. 1 myF kpd; Mw;wy; vd;gJ 1 KWh MFk;.

(Fwpg;G: KWh vd;gJ Mw;wypd; myF; jpwdpd; myF my;y)

vLj;Jf;fhl;L:

xU 75  W kpd;tprpwp  jpdKk;  8  kzp  Neuk;  xU  khjj;jpw;F  (30  ehl;fs;)
gad;gLj;jg;gl;lhy; Efug;gl;l Mw;wiy kpd; myfpy; fzf;fpLf.
jPh;T:

jpwd; P = 75 W
gad;ghl;L Neuk; t = 8 kzp ×30 ehl;fs; = 240  kzp.  Efug;gl;l   kpd;

Mw;wyhdJ jpwd; kw;Wk; gad;ghl;L Neuk; Mfpatw;wpd; ngUf;fy;  gyd;
MFk;.

kpd; Mw;wy; = jpwd; ×gad;ghl;L Neuk; = P ×  t
= 75 thl; ×240 kzp

 = 18000 thl; kzp

= 18 fpNyh thl; kzp = 18 KWh
1 kpd; myF = 1 KW h
kpd; Mw;wy; = 18 myF

kpd;dpio  tpsf;Ffs;  1000  kzp  Neuk;  xsptPRk;.  CFL  tpsf;Ffs;  6000  kzp

Neuk; xsptPRk;. Mdhy; LED tpsf;Ffs; 50000 kzpNeuk; xsp tPRk; (Vwj;jho 25
Mz;Lfs;> ehnshd;Wf;F 5.5 kzp Neuk;)

jpwd; kw;Wk; jpirNtfk; Mfpatw;Wf;F ,ilNa cs;s njhlh;G:

F
ur
vd;w tpirapdhy; dr

r
vd;w ,lg;ngah;r;rpf;F nra;ag;gl;l Ntiy

.W F d r= ò
ur r

rkd;ghL ,lJ gf;fj;jpy; cs;sij ,t;thW vOjyhk;.
dWW dW dt
dt

= =ò ò
(dt - ,y; ngUf;fTk; tFf;fTk; nra;a)

jpirNtfk;
d rv
dt

=
r

r
vd;gjhy; d r vdt=

r r

rkd;ghL tyJ gf;fj;jpy; cs;sij ,t;thW vOjyhk;

( ). . .dr d rF dr F dt F v dt v
dt dt

æ ö é ù
= = =ç ÷ ê ú

è ø ë û
ò ò ò

r r
ur r ur ur r r

Q
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rkd;ghL rkd;ghL ,y; gpujpapl

( ).dW dt F v dt
dt

=ò
r

. 0dW F v dt
dt

æ ö- =ç ÷
è øò

r

,e;j  njhlh;ghdJ  dt  ,d;  ve;j  xU  jd;dpr;irahd  kjpg;gpw;Fk;  rhpahf
cs;sJ. milg;Gf;Fwpf;Fs; cs;s kjpg;G Ropahf ,Uf;f Ntz;Lk; vd;gij ,J
Fwpf;fpwJ. mjhtJ

. 0dW F v
dt

= - =
r

my;yJ .dW F v
dt

=
r

vLj;Jf;fhl;L:

1250  kg  epiwAs;s  xU  thfdk;  xU  rkkhd  Neh;  rhiyapy; 0.2  ms-2

KLf;fj;Jld; 500  N  vd;w  vjph;f;Fk;  Gwtpirf;nfjpuhf  ,af;fg;gLfpwJ.

thfdj;jpd;  jpirNtfk; 30  ms-1vdpy;  thfdj;jpd;  ,ae;jpuk;  ntspg;gLj;Jk;
jpwidf; fzf;fpLf.

jPh;T:
thfdj;jpd;  ,ae;jpuk;>  vjph;f;Fk;  tpirf;nfjpuhf Ntiy nra;J thfdj;ij xU
KLf;fj;Jld;  ,af;f  Ntz;Lk;.  vdNt  thfdj;jpd;  ,ae;jpuk;  ntspg;gLj;Jk;
jpwd;.

P = (vjph;f;Fk; tpir + (epiw ×Kf;fk;) (jpirNtfk;)

. ( )tot resistiveP F V F F V= = +
ur ur

. ( )tot resistiveP F V F ma V= = +
ur ur

= (500 + (1250 ×0.2)) (30) = 22.5 kW

Nkhjy;fs; (Collisions):

Nkhjy; vd;gJ ek;ikr; Rw;wp mt;tg;NghJ eilngwf;$ba xU nghJthd epfo;T
MFk;.  cjhuzkhf  Nfuk;>  gpy;ypah;l;];>  Nfhypf;Fz;L  Nghd;w  tpisahl;Lfs;
,U  nghUl;fSf;fpilNa  Nkhjy;fshdJ  njhLjYld;  my;yJ  njhLjypd;wp
Vw;glyhk;.

midj;J Nkhjy; nray;KiwfspYk; Neh;f;Nfhl;L ce;jk; khwhJ. ,U nghUl;fs;
NkhjYw;why;  mtw;wpw;fpilNa nray;gLk;  rkkhd fzj;jhf;F tpirfs; tD vd;w
NkhjYWk;  Neuj;jpy;  mtw;wpd;  ce;jq;fspy;  khw;wj;ij  Vw;gLj;JfpwJ.  mjhtJ

Kjy;  nghUs; 12F
ur

vd;w  tpiria  ,uz;lhtJ  nghUspd;  kPJ  nrYj;JfpwJ.
mNjNghy;  epA+l;ldpd;  %d;whk;  tpjpg;gb>  ,uz;lhtJ  nghUshdj  Kjy;

nghUspd; kPJ 21F
ur

vd;w tpiria nrYj;JfpwJ. ,it Kjy; kw;Wk; ,uz;lhtJ

nghUl;fspd; ce;jj;jpy; KiwNa 1PD
ur
kw;Wk; 2PD

ur
vd;w khw;wj;ij Vw;gLj;JfpwJ.

jw;NghJ ,jd; njhlh;Gfis fPo;f;fz;lthW vOjyhk;.

121p F tD = D
ur ur

212p F tD = D
ur ur

rkd;ghL ,uz;ilAk; $l;l

( )1 2 12 21 12 21P P F t F t F F tD + D = D + D = + D
ur ur ur ur ur ur
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epA+l;ldpd; %d;whk; tpjpg;gb 12 21F F= -
ur ur

1 2 0P PD + D =
ur ur

1 2( ) 0P PD + =
ur ur

,UGwKk; ∆t - My; tFf;f> kw;Wk; vy;iy ∆t → 0 vdf; nfhs;s ehk; ngWtJ

1 2 1 2( ) ( )lim 0 0p p d p pt
t dt

D + +
D ® = =

D

ur ur ur ur

Nkw;fz;l  rkd;ghL  nkhj;j  Neh;f;Nfhl;L  ce;jk;  xU  khwh  msT  vd;gijf;
Fwpf;fpwJ.

Fwpg;G:  ce;jk;  xU  ntf;lh;  msthFk;.  vdNt  Nkhjypd;  NghJ  jdpj;jdp
nghUl;fspd; ce;jj;ijf; fhz ntf;lh; $Ljy; gpd;gw;wg;gl Ntz;Lk;.

Nkhjy;fspd; tiffs;:
ve;j  xU  Nkhjy;  nray;KiwapYk;  nkhj;j  Neh;f;Nfhl;L  ce;jKk;>  nkhj;j
Mw;wYk;  vg;NghJk;  khwhJ.  mNjrkak;  nkhj;j  ,af;f  Mw;wyhdJ  vg;NghJk;
khwhky;  ,Uf;fj;  Njitapy;iy.  njhlf;f  ,af;f  Mw;wypd;  xU  gFjp  NtW
tifahd Mw;wyhf khw;wkilfpwJ. Vndd;why; Nkhjy;fs; kw;Wk; Nkhjy;fshy;
Vw;gLk;  cUf;FiyT  Mfpatw;wpd;  jhf;fk;  nghJthf  ntg;gk;>  xyp>  xsp
Nghd;wtw;iw cUthf;FfpwJ. ,e;j tpisTfis fzf;fpy; nfhz;L Nkhjy;fis
ehk; fPo;f;fz;lthW tifg;gLj;jyhk;l.

a. kPl;rp Nkhjy;
b. kPl;rpaw;w Nkhjy;

kPl;rp Nkhjy; (Elastic Collision):
xU  Nkhjypy;  nghUl;fspd;  njhlf;f  nkhj;j  ,af;f  Mw;wyhdJ  (NkhjYf;F
Kd;)  nghUl;fspd;  ,Wjp  nkhj;j  ,af;f  Mw;wYf;F  (NkhjYf;Fg;  gpd;)  rkkhf
,Ue;jhy; mJ kPl;rpNkhjy; vdg;gLk;. mjhtJ

NkhjYf;F  Kd;  nkhj;j  ,af;f  Mw;wy; = NkhjYf;Fg;  gpd;  nkhj;j  ,af;f
Mw;wy;

kPl;rpaw;w Nkhjy; (Inelastic collision):
xU  Nkhjypy;  nghUl;fspd;  njhlf;f  nkhj;j  ,af;f  Mw;wyhdJ  (NkhjYf;F
Kd;)  nghUl;fspd;  ,Wjp  nkhj;j  ,af;f  Mw;wYf;F  (NkhjYf;Fg;  gpd;)  rkkhf
,y;iynadpy; mJ kPl;rpaw;w Nkhjy; vdg;gLk;. mjhtJ
NkhjYf;F  Kd;  nkhj;j  ,af;f  Mw;wy; ¹ NkhjYf;Fg;  gpd;  nkhj;j  ,af;f
Mw;wy;

NkhjYf;F Kd; NkhjYf;Fg; gpd;
nkhj;j ,af;f Mw;wy; -  nkhj;j ,af;f Mw;wy;

= (Nkhjypd; NghJ Mw;wy; ,og;G) =∆Q

,af;f  Mw;wy;  khWk;  vdpDk;  nkhj;j  Mw;wy;  khwhJ.  vnd;why;  nkhj;j
Mw;wyhdJ ,lf;f Mw;wypd; rkd;ghL kw;Wk; Nkhjypd; NghJ Vw;gl;l midj;J

,og;GfisAk;  cs;slf;fpa  rkd;ghL (∆Q)  Mfpatw;iwf;  nfhz;Ls;sJ.
Nkhjypd;  NghJ  ,af;f  Mw;wypy;  Vw;gLk;  ,og;G  xyp>  ntg;gk;  Nghd;w  NtW
tifahd  Mw;wyhf  khw;wkilfpwJ  vd;gij  mwpaTk;.  NkYk;  NkhjYWk;  ,U
nghUs;fSk;  NkhjYf;Fg;  gpd;  xd;Wld;  xd;W  xl;bf;nfhz;lhy;  mt;tif
Nkhjy;fs;  KO  kPl;rpaw;wNkhjy;  my;yJ  kPl;rpaw;w  Nkhjy;  vdg;gLk;.
mt;tifahd  Nkhjiy  mbf;fb  fhzyhk;.  cjhuzkhf><ukhd>  xU  fspkz;
cUz;il (my;yJ ggps;fk;)  xU ,aq;Fk;  thfdj;jpd;  kPJ vwpag;gl;lhy;>  mJ
,aq;Fk;  thfdj;Jld;  xl;bf;  nfhs;fpwJ  kw;Wk;  mit  rk  jpirNtfj;Jld;
,aq;Ffpd;wd.
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xU ghpkhz kPl;rp Nkhjy;fs;:

m1 kw;Wk; m2 epiwAs;s ,U kPl;rpg; nghUs;fs; fhl;bAs;sthW xU cuha;tw;w

fpilj;jsg;  gug;gpy;  Neh;f;Nfhl;by;  (Neh; x  - mr;rpd;  jpirapy;)  ,aq;Ftjhff;
fUJf.

kPl;rp kw;Wk; kPl;rpaw;w Nkhjy;fis xg;gpLjy;:

t.vz; kPl;rp Nkhjy; kPl;rpaw;w ce;jk; khwhJ
1. nkhj;j ce;jk; khwhJ nkhj;j ce;jk; khwhJ
2. nkhj;j ,af;f Mw;wy;  khwhJ  nkhj;j ,af;f Mw;wy;  khWk;
3. njhlh;Gila  tpirfs;  Mw;wy;

khw;wh tpirfs;
njhlh;Gila  tpirfs;  Mw;wy;
khw;Wk; tpirfs;

4. ,ae;jpu Mw;wy; rpijtilahJ ,ae;jpu  Mw;wyhdJ  ntg;gk;>
xsp>  xyp  Nghd;witahf
ntspg;gLfpwJ.

epiw njhlf;f
jpirNtfk;

,Wjp
jpirNtfk;

epiw m1 u1 v1

epiw m2 u2 v2

Nkhjy;  epfo  epiw m1  epiw m2  I  tpl  Ntfkhf  ,aq;Ftjhff;  fUJf.

mjhtJ u1>  u2kPl;rp  NkhjYf;F  ,U nghUs;fspd;  nkhj;j  Neh;f;Nfhl;L  ce;jk;
kw;Wk;  ,af;f  Mw;wy;fs;  NkhjYf;F  Kd;Gk;  NkhjYf;Fg;  gpd;Gk;  khwhky;  xNu
msthf ,Uf;f Ntz;Lk;.

epiw m1,d;
ce;jk;

epiw m2,d;
ce;jk;

nkhj;j Neh;f;Nfhl;L
ce;jk;

NkhjYf;F Kd; Pi1 = m1u1 Pi2 = m2u2 Pi = Pil + Pi2

Pi = m1u1 + m2u2
NkhjYf;F gpd; Pf1 = m1v1 Pf2 = m2v2 Pf = Pf1 + Pf2

Pf = m1v1 + m2v2

Neh;f;Nfhl;L ce;j khwh tpjpapy; ,Ue;J NkhjYf;F Kd; nkhj;j ce;jk; (Pi)  =
NkhjYf;Fg; gpd; nkhj;j ce;jk; (Pf)

m1u1 + m2u2 = m1v1 + m2v2
my;yJ

m1(u1 – v1) = m2 (v2 – u2)
NkYk;

epiw m1,d;
,af;f Mw;wy;

epiw m2,d;
,af;f Mw;wy;

nkhj;j ,af;f
Mw;wy;

NkhjYf;F Kd; 2
1 1 1

1
2iKE m u= 2

2 2 2
1
2iKE m u= KEi = KEi1 + KEi2

2 2
1 1 2 2

1 1
2 2iKE m u m u= +

NkhjYf;Fg; gpd; 2
1 1 1

1
2fKE m v= 2

2 2 2
1
2fKE m v= KEf = KEf1 + KEf2

2 2
1 1 2 2

1 1
2 2fKE m v m v= +

kPl;rp NkhjYf;F

NkhjYf;F Kd; nkhj;j ,af;f Mw;wy; KEi = NkhjYf;Fg; gpd; nkhj;j ,af;f Mw;wy;

Kef
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RUf;fpa gpwF khw;wpaikf;f 2 2 2 2
1 1 1 2 2 2( ) ( )m u v m v u- = -

Nkw;fz;l rkd;ghl;il a2 – b2 = (a + b) (a – b)
vd;w tha;g;ghl;ilg; gad;gLj;jp kPz;Lk; vOj

m1(u1+v1) (u1-v1) = m2 (v2+u2) (v2 – u2)

rkd;ghL tFf;f fpilg;gJ

1 1 1 1 1 2 2 2 2 2

1 1 1 2 2 2

( ) ( ) ( ) ( )
( ) ( )

m u v u v m v u v u
m u v m v u

+ - + -
=

- -
u1 + v1 = v2 + u2
khw;wpaikf;f

u1 – u2 = v2 – v1

rkd;ghL ,t;thW vOjyhk;.

u1 – u2 = -(v1 – v2)

,jd; nghUshdJ ve;j xU Neub kPl;rp NkhjypYk;> NkhjYf;Fg;gpd; ,U kPl;rpg;
nghUs;fspd;  xg;Gik  Ntfk;  NkhjYf;F  Kd;  ,Ue;j  mNj  vz;  kjpg;igf;
nfhz;Lk;  Mdhy;  vjph;j;jpirapYk;  ,Uf;Fk;  vd;gjhFk;.  NkYk;  ,e;j  KbT
epiyiar; rhh;e;jjy;y vd;gij mwpaTk;.

Nkw;fz;l rkd;ghl;bypUe;J v1kw;Wk; v2kjpg;Gfisf; fhz

v1 = v2 + u2 – u1
my;yJ

v2 = u1 + v1 – u2

,Wjp jpirNtfq;fs; v1kw;Wk; v2fz;lwpjy;:

rkd;ghL gpujpapLtjd; %yk; m1 ,d; jpirNtfkhdJ

m1(u1 – v1) = m2(u1 + v1 – u2 – u2)
m1 (u1 – v1) = m2 (u1 +v1 – 2u2)
m1u1 – m1v1 = m2u1 + m2v1 – 2m2u2

m1u1 – m2u1 + 2m2u2 = m1v1 + m2v1

(m1 – m2)u1 + 2m2u2 = (m1 + m2)v1

my;yJ 1 2 2
1 1 2

1 2 1 2

2m m mv u u
m m m m

æ ö æ ö-
= +ç ÷ ç ÷+ +è ø è ø

,J  Nghd;Nw  rkd;ghL  gpujpapl  my;yJ  rkd;ghL  gpujpapl m2  ,d;  ,Wjp
jpirNtfkhdJ

1 2 1
1 2

1 2 1 2

22 m m mv u u
m m m m

æ ö æ ö-
= +ç ÷ ç ÷+ -è ø è ø

nghUs;fs; xNu epiwiaf; nfhz;bUe;jhy; mjhtJ m1 = m2

rkd;ghL 2
1 1 2

2

2(0)
2

mv u u
m

æ ö
= + ç ÷

è ø
v1 = u2

rkd;ghL 1
2 1 2

1

2 (0)
2

mv u u
m

æ ö
Þ = +ç ÷

è ø
v2 = u1
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rkd;ghLfs;  kw;Wk;  njhptpg;gJ  vd;dntdpy;  xU  ghpkhz  kPl;rp  Nkhjypy;  rk
epiwAs;s  ,U  nghUs;fs;  Nkhjpf;nfhz;lhy;  NkhjYf;Fg;  gpd;  mtw;wpd;
jpirNtfq;fs; ghpkhwpf; nfhs;sg;gLfpd;wd.

nghUs;fs; xNu epiwiaf; nfhz;bUe;jhy;> mjhtJ m1 = m2 kw;Wk; ,uz;lhtJ
nghUs;  (tof;fkhf ,yf;F vd miof;fg;gLtJ) xa;T epiyapy;  cs;s NghJ

(u2 = 0)
m1 = m2kw;Wk; (u2 = 0) vd;w kjpg;Gfis rkd;ghLfs; ,y; gpujpapl

rkd;ghL 1 0vÞ =
rkd;ghL 2 1v uÞ =

rkd;ghL kw;Wk;  njhptpg;gJ vd;dntdpy;  Kjy;  nghUs;  NkhjYf;Fg;  gpd;  xa;T
epiyf;F  tUk;NghJ  ,uz;lhtJ  nghUs;  Kjy;  nghUspd;  njhlf;f
jpirNtfj;jpy; ,aq;FfpwJ.

Kjy;  nghUshdJ  ,uz;lhtJ  nghUspd;  epiwia  tpl  Fiwthf

,Ue;jhy;> 1
1 2

2

, 1mm m
m

æ ö
<< <<ç ÷

è ø
gpwF tpfpjk; 1

2

0m
m

»   kw;Wk; ,yf;F xa;T epiyapy;

cs;sNghJ (u2 = 0) rkd;ghL ,d; njhFjp kw;Wk; gFjpia m2My; tFf;f

1

2
1 1

1 1

2 2

1
2 ( )

1 1

m
mv u om m
m m

æ ö æ ö-ç ÷ ç ÷
ç ÷ ç ÷= +
ç ÷ ç ÷+ +ç ÷ ç ÷
è ø è ø

1 1
0 1
0 1

v u-æ ö=ç ÷+è ø
v1 = u1

,J Nghd;Nw>

rkd;ghL njhFjp kw;Wk; gFjpia m2 – My;tFf;f

1 1

2 2
2 1

1 1

2 2

2 1

1 1

m m
m mv um m

m m

æ ö æ ö-ç ÷ ç ÷
ç ÷ ç ÷= +
ç ÷ ç ÷+ +ç ÷ ç ÷
è ø è ø

1

2
2 1

1

2

1
( )

1

m
mv O u m

m

æ ö-ç ÷
ç ÷= +
ç ÷+ç ÷
è ø

epiw  Fiwthf  cs;s  Kjy;  nghUshdJ  mNj  njhlf;f  jpirNtfj;Jld;
vjph;j;jpirapy;  jpUk;GfpwJ (kPz;nlOfpwJ) vd;gijr;  rkd;ghL cs;s vjph;f;Fwp
Fwpf;fpwJ. mjpf epiwAs;s ,uz;lhtJ nghUshdJ NkhjYf;Fg; gpwFk; xa;T
epiyapNyNa  njhlh;e;J  ,Uf;fpwJ  vd;gijr;  rkd;ghL  Fwpf;fpwJ.
vLj;Jf;fhl;lhf>  ge;J  xd;W  epiyahd  Rthpd;  kPJ  vwpag;gl;lhy;  ge;jhdJ
vwpag;gl;l mNj jpirNTfj;jpNyNa vjph;j;jpirapy; Rthpy; ,Ue;J jpUk;gp tUk;.

Neh;T  4:  ,uz;lhtJ  nghUshdJ  Kjy;  nghUistpl  epiw  Fiwthf
cs;sNghJ>
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2
2 1

1

, 1mm m
m

æ ö
<< <<ç ÷

è ø
 gpwF tpfpjk; 2

1

0m
m

»

kw;Wk; ,yf;F xa;T epiyapy; cs;sNghJ (u2 = 0) rkd;ghL ,d; njhFjp kw;Wk;
gFjpia m1 - My; tFf;f

2 2

1 1
1 1

2 2

1 1

1 2
( )

1 1

m m
m mv u Om m
m m

æ ö æ ö-ç ÷ ç ÷
ç ÷ ç ÷= +
ç ÷ ç ÷+ +ç ÷ ç ÷
è ø è ø

1 1
1 0 0 (0)
1 0 1 0

v u-æ ö æ ö= +ç ÷ ç ÷+ +è ø è ø
v1 = u1

,J Nghd;Nw>

njhFjp kw;Wk; gFjpia m1 - My; tFf;f

2

1
2 1

2 2

1 1

1
2 1 ( )

1

m
mv u Om m

m m

æ ö æ ö-ç ÷ ç ÷
ç ÷ ç ÷= + +
ç ÷ ç ÷+ç ÷ ç ÷
è ø è ø

2 1
2

1 0
v uæ ö=ç ÷+è ø
v2 = 2u1

fdkhf  cs;s  Kjy;  nghUshdJ  NkhjYf;Fg;  gpwF  mNj  jpirNtfj;Jld;
njhlh;e;J  ,aq;FfpwJ  vd;gijr;  rkd;ghL  Fwpf;fpwJ.  epiw  Fiwthf  cs;s
,uz;lhtJ nghUs; Kjy; nghUspd; njhlf;f jpirNtfj;ijg; Nghy ,U klq;F
jpirNtfj;Jld;  ,aq;FfpwJ  vd;gijr;  rkd;ghL  Fwpf;fpwJ.  epiw  Fiwthf
cs;s nghUs; NkhjYWk; Gs;spapypUe;J Ntfkhfr; nry;fpwJ.

vLj;Jf;fhl;L:

10  m  s-1Ntfj;jpy;  ,aq;Fk;  xU  epiw  Fiwthd  nghUs;  mjd;  epiwiag;
Nghd;W ,U klq;F kw;Wk;  mjd; Ntfj;jpy;  ghjpasT nfhz;l mNj jpirapy;
,aq;Fk;  kw;nwhU  nghUspd;  kPJ  NkhJfpwJ.  NkhjyhdJ  xU  ghpkhz  kPl;rp
Nkhjy; vdf; fUJf. NkhjYf;Fg; gpwF ,U nghUs;fspd; Ntfk; vd;d?

jPh;T:

Kjy; nghUspd; epiw m vd;f> kw;Wk; mjd; njhlf;f jpirNtfk; u1 = 10 ms-1,
vdNt ,uz;lhtJ nghUspd; epiw 2m kw;Wk; mjd; njhlf;f jpirNtfk;

1
2 1

1 1 (10 )
2 2

u u ms-= =

rkd;ghLfs; kw;Wk; ,U nghUs;fspd; ,Wjp jpirNtfq;fisf; fzf;fplyhk;.

1 2 2
1 1 2

1 2 1 2

2m m mv u u
m m m m

æ ö æ ö-
= +ç ÷ ç ÷+ +è ø è ø
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1
2 2 210 5
2 2

m m mv
m m m m

- ´æ ö æ ö= +ç ÷ ç ÷+ +è ø è ø

1
1 4 10 20 1010 5
3 3 3 3

v - +æ ö æ ö= + = =ç ÷ ç ÷
è ø è ø

v1 = 3.33 ms-1

1 2 1
2 1 2

1 2 1 2

2m m mv u u
m m m m

æ ö æ ö-
= +ç ÷ ç ÷+ +è ø è ø

2
2 210 5

2 2
m m mv

m m m m
-æ ö æ ö= +ç ÷ ç ÷+ +è ø è ø

2
2 1 20 5 2510 5
3 3 3 3

v +æ ö æ ö= + = =ç ÷ ç ÷
è ø è ø

v2 = 8.33 ms-1

v1 kw;Wk; v2 Mfpa ,U Ntfq;fSk; Neh;f;Fwpahf cs;sjhy; mit ,uz;Lk; KiwNa

3.33  m  s-1  kw;Wk; 8.33  ms-1  vd;w  jpirNtfq;fSld;  NkhjYf;F  Kd;  ,aq;fpa
jpirapNyNa ,aq;Ffpd;wd.

KO kPl;rpaw;w Nkhjy; (Perfect Inelastic Collision):

KO  kPl;rpaw;w  Nkhjypy;  nghUs;fs;  NkhjYf;Fg;gpwF  xU  nghJthd  jpirNtfj;jpy;

,aq;Fk;  tifapy;  xd;Wld;  xd;W  epue;jukhf  xl;bf;nfhs;fpd;wd. m1kw;Wk; m2epiw

nfhz;l  xU  nghUs;fs;  NkhjYf;F  Kd;  KiwNa u1kw;Wk; u2vd;w  njhlf;f
jpirNtfq;fSld; ,aq;Ftjhff; nfhs;f. KO kPl;rpaw;w NkhjYf;Fg; gpwF nghUl;fs;

v vd;w nghJthd jpirNtfj;Jld; xd;whf ,aq;Ffpd;wd.
Nkhjypd; NghJ Neh;f;Nfhl;L ce;jk; khw;wg;glhky; cs;sjhy;

m1 u1 + m2 u2 = (m1 + m2) v

NkhjYf;F Kd; NkhjYf;Fg; gpd;

nghUs;
jpirNtfk; Neh;f;Nfhl;L ce;jk;

njhlf;fk; ,Wjp njhlf;fk; ,Wjp

epiw m1 u1 v m1u1 m1v
epiw m2 u2 v m2u2 m2v

nkhj;jk; m1u1 + m2u2 (m1+m2) v

nghJthf jpirNtfj;ij fPo;f;fz;lthW fzf;fplyhk;.

1 1 2 2

1 2( )
m u m uv

m m
+

=
+

vLj;Jf;fhl;L:

50  g  epiwAs;s  xU  Jg;ghf;fp  Fz;L 450  g  epiwAs;s  xU  njhq;ftplg;gl;l
nghUspd; mbg;gFjpapypUe;J Rlg;gLfpwJ. Jg;ghf;fp Fz;L nghUspDs; nghjpe;J

nghUshdJ 1.8  m  cauj;jpw;F  Nky;Nehf;fpr;  nry;fpwJ.  Jg;ghf;fp  Fz;bd;
Ntfj;ijf; fzf;fpLf.

g = 10 ms-2vdf; nfhs;f.
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jPh;T:

m1 = 50 g = 0.05 kg; m2 = 450 g = 0.45 kg

Jg;ghf;fp Fz;bd; Ntfk; u1MFk;. ,uz;lhtJ nghUs; Xa;T epiyapy; cs;sJ (u2 =
0) Jg;ghf;fp  Fz;L  nghUspDs;  nghjpe;j  gpwF  Jg;ghf;fp  Fz;L  kw;Wk;  nghUs;

Mfpatw;wpd; nghJthd jpirNtfk; v vd;f.

v = 1 1 2 2

1 2( )
m u m u

m m
+
+

1
1

0.05 (0.45 0) 0.05
(0.05 0.45) 0.50

uv u+ ´
= =

+

nghJthd  jpirNtfkhdJ  Jg;ghf;fp  Fz;L  kw;Wk;  nghUs;  Mfpa  xUq;fpize;j
mikg;gpd;  Nky;Nehf;fpa  nrq;Fj;J  ,af;fj;jpw;fhd  njhlf;f  jpirNtfk;  MFk;.
,uz;lhtJ ,af;fr; rkd;ghl;bypUe;J

v = 2gh

v = 2 10 1.8 36´ ´ =
v = 6 ms-1

,jid Nkw;fz;l rkd;ghl;by; gpujpapl;L U1 kjpg;igg;ngw

1
0.056
0.50

u= my;yJ 1
0.50 6 10 6
0.05

u = ´ = ´

1
1 60u ms-=

KO kPl;rpaw;w Nkhjypy; Vw;gLk; ,af;f Mw;wy; ,og;G:

KO kPl;rpaw;w Nkhjypd; NghJ ,af;f Mw;wypd; ,og;ghdJ xyp> ntg;gk;> xsp Nghd;w
NtW  tifahd  Mw;wyhf  khw;wg;gLfpwJ.  NkhjYf;F  Kd;  nkhj;j  ,af;f  Mw;wy;

KEikw;Wk; NkhjYf;Fg;gpd; nkhj;j ,af;f Mw;wy; EKfvdf; nfhs;f.

2 2
1 1 2 2

1 1
2 2iKE m u m u= +

NkhjYf;Fg; gpd; nkhj;j ,af;f Mw;wy;

2
1 2

1 ( )
2fKE m m v= +

vdNt ,af;f Mw;wypy; Vw;gLk; ,og;G

∆Q = KEi - KEf

= 2 2 2
1 1 2 2 1 2

1 1 1 ( )
2 2 2

m u m u m m v+ - +

rkd;ghL rkd;ghL ,y; gpujpapl;L (a + b)2 = a2 + b2 + 2ab vd;w ,aw;fzpj rkd;ghl;ilg;
gad;gLj;jp> RUf;f ehk; ngWtJ.

kPl;rpaspg;G Fzfk; (e)(Coefficient of restitution):
,U  ,ug;gh;  ge;J  kw;Wk;  xU  gpsh];bf;  ge;J  ,uz;ilAk;  xNu  jsj;jpy;
tpor;nra;tjhff;  nfhs;Nthk;.  ,ug;gh;  ge;jhdJ gpsh];bf;  ge;ijtpl mjpf cauj;jpw;F
NknyOk;Gk;.  Vndd;why;  xU kPl;rpg;  gz;Gs;s ,ug;gh;  ge;jpw;F ,af;f Mw;wypd;  ,og;G
gpsh];bf;  ge;jpw;F  ,af;f  Mw;wypd;  ,og;G  gpsh];bf;  ge;jpw;fhd  ,og;igtpl  kpf
FiwthFk;.  nghJthf NkhjYf;Fg;  gpwF ,U nghUs;fspd;  ,af;f Mw;wy;  kjpg;gpid
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kPl;rpaspg;G Fzfk; (Coefficient of Restitution – COR) vdg;gLk; xU ghpkhzkw;w vz;
%ykhf mse;jwpayhk;.

NkhjYf;Fg; gpd; cs;s tpyFk; jpirNtfj;jpw;Fk; (rhh;Gj; jpirNtfk;) NkhjYf;F Kd;
cs;s  neUq;Fk;  jpirNtfj;jpw;Fk;  (rhh;Gj;  jpirNtfk;)  ,ilNa  cs;s  tpfpjk;
kPl;rpaspg;G Fzfk; vd tiuaWf;fg;gLfpwJ.

mjhtJ

e = tpyFk; jpirNtfk; (NkhjYf;Fg; gpd; )

neUq;Fk; jpirNtfk; (NkhjYf; F gpd; )

= 2 1

1 2

( )
( )
v v
u u

-
=

-

kPl;rp  Nkhjypy;  tpyFk;  jpirNtfkhdJ  neUq;Fk;  jpirNtfj;jpw;F  rkk;  vd
fpilf;fg; ngw;Nwhk;.

mjhtJ

( )
2 1

1 2 2 1
1 2

( )( ) ( ) 1v vu u v v e
u u

-
- = - ® = =

-
kPl;rp  NkhjYf;F kPl;rpaspg;G  Fzfk; e  =  1 vd;gij ,J Fwpf;fpwJ.  ,ay;ghf>
NkhjYf;Fg; gpwF ,af;f Mw;wypy; ,og;G VJkpy;iy vd;gNj ,jd; nghUshFk;.
vdNt  nghUshdJ  mNj  ,af;f  Mw;wYld;  NknyOk;GfpwJ.  ,J  tof;fkhf
KO kPl;rp  vd miof;fg;gLfpwJ.   vt;tpj  cz;ikahd Nkhjy;  epfo;TfspYk;

Nkhjypdhy;  ,af;f  Mw;wypy;  VjhtJ  ,og;G  Vw;gLk;.  ,jd;  nghUs; e  ,d;
kjpg;G  vg;nghOJk;  1 –  I  tplf;  Fiwthf  ,Uf;Fk;.  KOikahd  gpsh];bf;
ge;jhf  ,Ue;jhy;  mJ  kPz;Lk;  NknyOk;ghJ.  Mifahy;  NkhjYf;Fg;  gpwF

mtw;wpd; tpyFk; jpirNtfk; RopahFk;. vdNt kPl;rpaspg;G Fzfj;jpd; kjpg;G e
= 0.
nghJthf> xU nghUspd; kPl;rpaspg;G Fzfk; 0 < e < 1 vd ,Uf;Fk;.

vLj;Jf;fhl;L:

xU kPl;rpaw;w Nkhjypy; xU nghUs; epiyahf cs;sNghJ rkepiwfs; nfhz;l

nghUs;fspd; jpirNtfq;fspd; tpfpjk; 1

2

1
1

v e
v e

-
=

+
vdf; fhl;Lf.

jPh;T:

e = tpyFk; jpirNtfk; (NkhjYf;Fg; gpd; )

neUq;Fk; jpirNtfk; (NkhjYf; F gpd; )

= 2 1 2 1 2 1

1 2 1 1

( ) ( ) ( )
( ) ( 0)
v v v v v v
u u u u

- - -
= = =

- -

2 1 1v v euÞ - =
Neh;f;Nfhl;L ce;jk; khwh tpjpapypUe;J

mu1 = mv1 + mv2 Þ  u1 = v1 + v2

rkd;ghL (2) ,y; cs;s u1,d; kjpg;ig rkd;ghL (1) ,y; gpujpapl

v2 – v1 = e(v1+v2)
,jidr; RUf;f

1

2

1
1

v e
v e

-
=

+
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12th ,aw;gpay;
myF – 1

epiykpd;dpay;

mwpKfk;:

kpd;;fhe;jtpapy;  vd;gJ  ,aw;gpaypd;  kpf  Kf;fpakhd  gphpTfspy;  xd;whFk;.  21  Mk;
E}w;whz;bd; njhopy;El;g tsh;r;rpfs; gyTk; kpd;fhe;jtpaiyg; gw;wpa ekJ Ghpjypdhy;
Vw;gl;litNa.

md;whl  tho;tpy;  ehk;  fhZk;  tpirfSs;><h;g;g  tpiriaj;  jtpu  gpw  midj;J
tpirfSk; kpd;fhe;j ,ay;G nfhz;litNa.

<h;g;G  tpir>  ,Otpir>  cuha;T  tpir>  nrq;Fj;J  tpir  cs;spl;l  tpirfisg;  gw;wp
mit  xt;nthd;iwAk;  jdpj;j  ,ay;Gila  tpirahfTk;  xd;iwnahd;W  rhh;e;jit
my;y  vd;Wk;  epA+l;ld;  fUjpdhh;.  mg;gbnadpy;  ,t;tpirfspd;  Njhw;w  %yk;  jhd;
vd;d? jw;Nghija Ghpjy;gb> ek; md;whl tho;tpy; ehk; vjph;nfhs;Sk; tpirfSs; <h;g;G
tpiriaj; jtpu gpw tpirfs; midj;Jk; (fk;gpapd; ,Otpir> gug;gpd; nrq;Fj;J tpir>
cuha;T tpir cs;spl;lit) mZf;fSf;F ,ilNa Njhd;Wk; kpd;fhe;j tpirfNs. rpy
vLj;Jf;fhl;Lfs; fPNo jug;gl;Ls;sJ.

1. nghUnshd;W  js;sg;gLk;  NghJ>  ek;  iffspy;  cs;s  mZf;fSld;

mg;nghUspYs;s  mZf;fs;  ,iltpid (interact) Ghpfpd;wd.  ,e;j  ,iltpid
tpirahdJ kpd;fhe;j ,ay;igNa ngw;Ws;sJ.

2. Gtpg;gug;gpd;  kPJ ehk;l epw;Fk;NghJ> ek;  kPJ GtpaPh;g;G tpir fPo;Nehf;fpa jpirapy;
nray;gLfpwJ.  jiuapd;  nrq;Fj;J  tpir  Nky;Nehf;fpa  jpirapy;  nray;gl;L  mij
rkd; nra;fpwJ ,e;j nrq;Fj;J tpirapd; Njhw;w %yk; vd;d?
Gtpg;gug;gpd; NkYs;s mZf;fSf;Fk; ek; ghjq;fspYs;s mZf;fSf:Fk; ,ilNa
epfOk;  ,iltpidapd;  fhuzkhfNt  ,t;tpir  cUthfpwJ.  cz;ikapy;><h;g;G
tpirapdhy; ehk; <u;f;fg;gLk; epiyapy; mZf;fSf;F ,ilNa cUthFk; kpd;fhe;j
tpirapdhy; jhd; Gtpapd; Nky; ek;khy; epw;f KbfpwJ.

3. gug;G  xd;wpd;  kPJ  xU nghUisj;  js;Sk;NghJ>  mJ efu  Kw;gLtij xa;Tepiy
cuha;T  jLf;Fk;.  ,e;j  xa;T  epiy  cuha;thdJ  gug;gpYs;s  mZf;fSf;Fk;
nghUspYs;s  mZf;fSf;Fk;  ,ilNa  Vw;gLk;  kpd;fhe;j  ,iltpidahy;
cUthfpd;wJ. ,af;fepiy cuha;Tk; ,j;jifa Njhw;w%yk; nfhz;lNj.

vdNt  gpugQ;rj;ijg;  gw;wpa  KOikahd  GhpjYf;F  kpd;fhe;jtpaiyg;  gw;wpa  Ghpjy;
,d;wpaikahjJ  vd;W  ,e;j  vLj;Jf;fhl;Lfs;  %yk;  njspthfpd;wJ.  kpd;fhe;jtpaypd;
mbg;gilj;  jj;Jtq;fis  ,aw;gpaypd;  Kjy;  njhFjpapy;  mwpe;J  nfhs;syhk;.
epiyahf  cs;s  kpd;Jfs;fspd;  jd;ik  gw;wpAk;  mJ  njhlh;ghd  epfo;Tfs;  gw;wpAk;
,e;j  myfpy;  $wg;gl;Ls;sJ.  epiyahf  cs;s  kpd;Jfs;fisg;  gw;wp  mwpa  cjTk;
kpd;dpaypd; ,e;jg; gphpT epiy kpd;dpay; vdg;gLk;.

tuyhw;W gpd;Gyk; - kpd;D}l;lq;fs;:

muf;F (amber)  vdg;gLk;  xU  tifg;  nghUis  (,J  xspfrpAk;  jd;ikAila>
Gijg;gbkkhf khwpa xU tif kug;gprpNd) tpyq;F cNuhkk; my;yJ fk;gsp nfhz;L
Nja;e;jhy;  mJ  rpW  ,iyfisAk;  J}rpidAk;  fth;tij  Rkhh;  ,uz;lhapuk;
Mz;LfSf;F  Kd;dNu  gz;ila  fpNuf;fh;fs;  fz;Ls;sdh;.  ,j;jifa  gz;igg;
ngw;Ws;s muf;F 'kpd;D}l;lk; ngw;Ws;sJ' vdyhk;. njhlf;fj;jpy; muf;F kl;LNk ,e;j
rpwg;gpay;G  cs;sjhf  fUjg;gl;lJ.  Mdhy;>  gpd;dhspy;  gl;Lj;Jzpahy;  Nja;f;fg;gl;l
fz;zhbj;  jz;Lk;  fhfpjj;  Jz;Lfisf;  fth;tJ  fz;lwpag;gl;lJ.  vdNt>  jFe;j



36 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187

nghUisf;  nfhz;L  Nja;f;fg;gLk;  fz;zhbj;  jz;Lk;  $l  'kpd;D}l;k;  ngWk;'  jd;ik
nfhz;Ls;sJ.

,g;NghJ kpd;D}l;lk; ngw;w fz;zhbj; jz;L xd;iw ,ug;gh; jz;bd; mUfpy; nfhz;L
nry;Yk;  NghJ>  mit  xd;iwnahd;W  ftUfpd;wd.  mNj  rkak;>  kpd;D}l;lk;  ngw;w
fz;zhbj; jz;bid kpd;D}l;lk; ngw;w ,d;ndhU fz;zhbj; jz;bd; mUfpy; nfhz;L
nrd;why; mit xd;iwnahd;W tpyf;Ftijf; fhzyhk;.

,e;j fhl;rpawpTfspd; (Observations) %yk; gpd;tUk; KbTfisf; $wyhk;;

1. ,ug;gh;  jz;L  ngw;w  kpd;D}l;lk;  fz;zhbj;  jz;L  ngw;w  kpd;D}l;lj;jpypUe;J
NtWgl;lJ.

2. kpd;D}l;lk;  ngw;w  ,ug;gh;  jz;L  kpd;D}l;lk;  ngw;w  ,d;ndhU  ,ug;gh;  jz;bid
tpyf;FfpwJ.  ,jpypUe;J>  Xhpd  kpd;D}l;lq;fs;  xd;iwnahd;W  tpyf;Ffpd;wd
vdyhk;.  kpd;D}l;lk;  ngw;w  fz;zhbj;  jz;il  kpd;D}l;lk;  ngw;w  ,d;ndhU
fz;zhbj; jz;L tpyf;Fk; nray;ghl;bypUe;Jk; ,Nj Kbit vl;lyhk;.

3. kpd;D}l;lk; ngw;w ,ug;gh; jz;il kpd;D}l;lk; ngw;w fz;zhbj; jz;L ftUfpd;wJ.
,jpypUe;J  fz;zhbj;  jz;bYs;s  kpd;D}l;lKk;  ,ug;ghpYs;s  kpd;D}l;lKk;  xNu
tifay;y vd;gJ Ntwpd kpd;D}l;lq;fs; xd;iwnahd;W ftUfpd;wd vd;gJ njhpa
tUfpd;wJ.

gpugQ;rj;jpy;  ,U  tif  kpd;D}l;lq;fNs  cs;sd.  xU  tifia Neh;  kpd;D}l;lk; (+)
vdTk;  ,d;ndhU tifia vjph;  kpd;D}l;lk; (-) vdTk;  ngQ;rkpd;  gpuhq;f;spd;  vd;gth;
18-k;  E}w;whz;by;  tifg;gLj;jpdhh;.  ,k;kugg;gb>  kpd;D}l;lk;  ngw;w  ,ug;gh;  kw;Wk;
muf;Fj;  jz;Lfs;  vjph;  kpd;D}l;lk;  ngw;wit  vd;Wk;>  kpd;D}l;lk;  ngw;w  fz;zhbj;
jz;L  Neh;  kpd;D}l;lk;  ngw;wJ  vd;Wk;  vLj;Jf;nfhs;sg;gLfpd;wd.  xU  nghUspYs;s
epfu (net) kpd;D}l;lk; Ropnadpy;> mg;nghUs; kpd; eLepiyapy; cs;sJ vdyhk;.

19k;  E}w;whz;bd;  ,WjpapYk;  20  k;  E}w;whz;bd;  njhlf;fj;jpYk;  jk;  Muha;r;rpfis
Nkw;nfhz;l  N[.N[.  jhk;rd;>  V.&jh;Nghh;L  Nghd;w  mwptpay;  mwpQh;fspd;  Kd;Ndhb
Ma;Tfspd;  %yk;  mZthdJ  kpd;  eLepiy  nfhz;lJ  vd;W  mwpag;gl;lJ.  NkYk;>
mZthdJ  vjph;  kpd;D}l;lk;  nfhz;l  vyf;l;uhd;fs;>  Neh;  kpd;D}l;lk;  nfhz;l
GNuhl;lhd;fs;  kw;Wk;  kpd;  eLepiyik  nfhz;l  epA+l;uhd;fs;  Mfpatw;why;  MdJ
vd;Wk;  ehk;  mwpfpNwhk;.  nghJthf>  midj;Jg;  nghUs;fSk;  mZf;fshy;  Mdit
vd;gjhy; mitAk; kpd; eLepiyik nfhz;litNa. xU nghUis kw;nwhU nghUSld;
Nja;f;Fk;NghJ  (vLj;Jf;fhl;lhf>  ,ug;giu  gl;Lj;Jzpahy;  Nja;f;Fk;NghJ)  vjph;
kpd;Jfs;fs;  rpytw;iw  mg;nghUs;  ,of;fpd;wJ  my;yJ  ngWfpd;wJ.  ,jdhy;  jhd;
mg;nghUs;  kpd;D}l;lk;  ngw;wjhfpd;wJ.  ,k;Kiwapy;>  mjhtJ>  cuha;tpd;  %yk;

nghUs;fis kpd;Ndw;wk; (Charging) nra;Ak; Kiw 'cuha;T kpd;Ndw;wk;' vdg;gLk;.

kpd;D}l;lj;jpd; mbg;gilg; gz;Gfs;:
kpd;D}l;lk;:

gpugQ;rj;jpYs;s nghUs;fs; midj;Jk; mZf;fshy; Mdit> mZf;fs; GNuhl;lhd;fs;>
epA+l;uhd;fs;  kw;Wk;  vyf;;l;uhd;fshy;  Mdit.  ,it  midj;JNk  epiw  vDk;

cs;shh;e;j (inherent) gz;ig  cilait.  ,NjNghy;>  kpd;D}l;lk;  vd;gJk;  kw;nwhU
cs;shh;e;j  mbg;gilg;  gz;ghFk;.  19Mk;  kw;Wk;  20  Mk;  E}w;whz;Lfspy;
Nkw;nfhs;sg;gl;l  gy;NtW  Ma;Tfspd;  %yk;  kpd;Jfspd;  ,ay;igg;  gw;wpa  Ghpjy;

Vw;gl;lJ. kpd;D}l;lj;jpd; SI myF $Y}k; (C) MFk;.

xU nghUs;  ,d;ndhd;why;  Nja;f;fg;gLk;NghJ xd;wpypUe;J  kw;nwhd;wpw;F  kpd;Jfs;fs;
,lk; ngah;fpd;wd vd ngQ;rkpd; gpuhq;f;spd; thjpl;lhh;. Nja;f;fg;gLk; Kd; nghUs;fs;
kpd;  eLepiyapy;  cs;sd.  Nja;f;fg;gLk;  NghJ  xd;wpypUe;J  kw;nwhU  xU  nghUs;
,d;ndhd;why;  Nja;f;fg;gLk;NghJ  xd;wpypUe;J  kw;nwhd;wpw;F  kpd;Jfs;fs;  ,lk;
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ngah;fpd;wd vd ngQ;rkpd;  gpuhq;f;spd;  thjpl;lhh;.  Nja;f;fg;gLk;  Kd;  nghUs;fs;  kpd;
eLepiyapy;  cs;sd.  Nja;f;fg;gLk;  NghJ  xd;wpypUe;J  kw;nwhU  nghUSf;F
kpd;Jfs;fs; ,lk;l ngah;fpd;wd. (vLj;Jf;fhl;lhf> fz;zhb jz;bid gl;Lj; Jzpahy;
Nja;f;Fk;NghJ>  vjph;kpd;D}l;lk;  ngw;w  kpd;Jfs;fs;  fz;zhbj;  jz;bypUe;J
gl;Lj;Jzpf;F  ,lk;  ngah;fpd;wd.  ,jdhy;  fz;zhbj;  jz;L  epfu  Neh;
kpd;D}l;lj;ijAk;  ngWfpd;wd).  ,j;jifa  fhl;rpawpTfspypUe;J  'kpd;D}l;lq;fis
Mf;fNth  mopf;fNth  ,ayhJ'  vd;Wk;  mtw;iw  xU  nghUspypUe;J  kw;nwhU
nghUSf;F ,lkhw;wk;  nra;a kl;LNk ,aYk;' vd;Wk;  mth;  $wpdhh;.  ,ijNa nkhj;j
kpd;D}l;l khwhj; jd;ik vd;gh;. gl;Lj;Jzpf;;F ,lk; ngah;fpd;wd. ,jdhy; fz;zhbj;
jz;L epfu Neh; kpd;D}l;lj;ijAk; gl;Lj;Jzp epfu vjph; kpd;D}l;lj;ijAk; ngWfpd;wd).
,j;jifa  fhl;rpawpTfspypUe;J  'kpd;D}l;lq;fis  Mf;fNth  mopf;fNth  ,ayhJ'
vd;Wk;  'mtw;iw  xU  nghUspypUe;J  kw;nwhU  nghUSf;F  ,lkhw;wk;  nra;a  kl;LNk
,aYk;' vd;Wk; mth; $wpdhh;. ,ijNa nkhj;j kpd;D}l;l khwhj; jd;ik vd;gh;.

,J  ,aw;gpaypy;  mwpag;gLk;  khwhj;  jd;ik  tpjpfSs; (Conservation  laws)
mbg;gilahd  xd;whFk;.  ,t;tpjpia  nghJg;gilahfg;  gpd;tUkhW  $wyhk;.
gpugQ;rj;jpYs;s  nkhj;j  kpd;D}l;lk;  khwhky;  ,Uf;Fk;.  kpd;D}l;lj;ij  Mf;fNth
mopf;fNth  ,ayhJ.  ve;jnthU  ,aw;if  epfo;tpYk;  nkhj;j  kpd;D}l;l  khw;wk;
RopahfNt ,Uf;Fk;.

kpd;D}l;lj;jpd; Fthz;lkhf;fy; (Quantization)
,aw;ifapy;  fpilf;fg;ngWk;  rpWk  kpd;D}l;l  kjpg;G  vt;tsT?  vyf;;l;uhdpd;  kpd;D}l;l

kjpg;G –e vdTk;  GNuhl;lhdpd;  kpd;D}l;l  kjpg;G +e vdTk;  Ma;Tfs;

njspTg;gLj;Jfpd;wd. ,q;F e vd;gJjhd; kpd;D}l;lj;jpd;  mbg;gil kjpg;G.  ve;jnthU
nghUspy;  cs;s  kpd;D}l;lj;jpd;  kjpg;Gk;  ,e;j  mbg;gil  kjpg;gpd;  KO  klq;fhfNt
,Uf;Fk;.

q = ne
,q;F n  vd;gJ  xU  KOntz; (0, ±1, ±2, ±3, ±4.....).,JNt  kpd;D}l;lj;jpd;

Fthz;lkhf;fy; vdg;gLk;. e ,d; kjpg;G 1.6 × 10-19C vd;gij Gfo;ngw;w Ma;tpd; %yk;

,uhgh;l;  kpy;ypfd;  fz;lwpe;jhh;.  vyf;;l;uhdpd;  kpd;D}l;;l  kjpg;G =  1.6 ×  10-19 C  kw;Wk;

GNuhl;lhdpd; kpd;D}l;l kjpg;G = + 1.6 × 10-19 C.

fz;zhbj; jz;nlhd;W gl;Lj;Jzpahy; Nja;f;fg;gLk;NghJ ,lk; ngaUk; kpd;Jfs;fspd;

vz;zpf;if (n)  kpfg;nghpajhf  ,Uf;Fk;  (nghJthf 1010).  vdNt>  eilKiwapy;  ehk;
fhZk;  nghUl;fSf;F  kpd;D}l;lj;jpd;  Fthz;lkhf;fy;  Fwpg;gplj;jf;f  gq;F
tfpg;gjpy;iy.  MdNt>  kpd;D}l;lj;ijj;  (gphpTepiyaw;w  njhlh;  kjpg;Gilajhff;
fUjyhk;.  Mdhy;  (fz;Zf;Fg;  Gydhfhj)  Ez;zpa  epiyapy;  kpd;D}l;lj;jpd;
Fthz;lkhf;fy; Kf;fpa gq;if tfpf;fpwJ.

xU $Y}k; kpd;D}l;l kjpg;Gila vjph; kpd;JfspYs;s vyf;l;uhd;fspd; vz;zpf;ifiaf;
fzf;fpLf.

jPh;T:
kpd;D}l;lj;jpd; Fthz;lkhf;fy; (gz;gpd;) gb>

q = ne
,q;F q = 1 C. vdNt> ,jpYs;s vyf;l;uhd;fspd; vz;zpf;if>

18
19

1 6.25 10
1.6 10

qn
e -= = = ´

´
vyf;l;uhd;fs;

$Y}k; tpjp:

ntw;wpl  ntspapy; (free  space) epiyahf cs;s ,U Gs;sp  kpd;Jfs;fSf;F  ,ilNa
fhzg;gLk;  tpirf;fhd  Nfhitia  1786  Mk;  Mz;by;  $Y}k;  vd;gth;  jUtpj;jhh;.
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ntw;wplj;jpy; r  njhiytpy;  gphpj;J  itf;fg;gl;Ls;s  ,U  epiyahfTs;s  Gs;sp

kpd;Jfs;fisf;  fUJNthk;.  mtw;wpd;  kpd;D}l;lq;fs;  KiwNa q1  kw;Wk; q2MFk;.

$Y}k;  tpjpg;gb>  Gs;sp  kpd;Jfs;>q2  tpd;  kPJ  Gs;sp  kpd;Jfs; q1  nray;gLj;Jk;
tpirahdJ gpd;tUkhW vOjg;gLfpwJ.

1 2
21 122

q qF k r
r

=
ur

$

,q;F r12vd;gJ q1,ypUe;J q2it Nehf;fp tiuag;gLk; XuyF ntf;lh; kw;Wk; k vd;gJ
jfT khwpyp.

$Y}k; tpjpapd; Kf;fpa ,ay;Gfs;:

epiykpd;  tpirahdJ  Gs;sp  kpd;Jfs;fspd;  kpd;D}l;l  kjpg;gpd;  ngUf;fw;gyDf;F
Neh;j;jftpYk;  mtw;wpw;F  ,ilNa  cs;s  njhiytpd;  ,Ukbf;F  vjph;j;jftpYk;
,Uf;Fk;.

q2kpd;Jfspd;  kPJ q1kpd;Jfs;  nrYj;Jk;  tpir  mtw;iw  ,izf;Fk;  Nfhl;bd;

jpirapNyNa  ,Uf;Fk;.  ,jpy; 12r$ vd;w  XuyF  ntf;luhdJ  kpd;Jfs; q1ypUe;J q2it

Nehf;fpa jpirapypUf;Fk;  mNjNghy;>q1,d;  kPJ q2nrYj;Jk;  tpir 12r-$ jpirapypUf;Fk;

(mjhtJ d; 12r$ jpirf;F vjph;j;jpirapy;)

SI  myF  Kiwapy;>k  = 1
4 ope

kw;Wk; k  d;  kjpg;G 9 ×  109 N  m2 C-2vd;Wk;

fz;lwpag;gl;Ls;sJ. ,q;F oe vd;gJ ntw;wplj;jpd; tpLjpwd; (Permittivity of free space)
vdg;gLk;. mjd; kjpg;G

xU  $Y}k;  kpd;D}l;l  kjpg;G  nfhz;l  xU  kPl;lh;  ,ilntspapy;  itf;fg;gl;Ls;s  ,U
kpd;Jfs;fSf;F ,ilNa nray;gLk; tpirapd; kjpg;igg; gpd;tUkhW fzf;fplyhk;.

9
9

2

9 10 1 1 9 10
1

F N´ ´ ´
= = ´

ur

,J  kpfg;nghpa  tpirahFk;.  fpl;lj;jl;l  xU  kpy;ypad;  ld;  epiw  nfhz;l  nghUspd;
vilf;Fr; rkkhFk;. eilKiwapy; 1 $Y}k; msT kpd;D}l;lk; nfhz;l kpd;Jfs;fis
ehk; vjph;nfhs;tNj ,y;iy. ek; md;whl tho;tpy; epfOk; ngUk;ghyhd kpd;epfo;Tfspy;

μC (ikf;Nuh  $Y}k;)  kw;Wk; nC (NehNdh  $Y}k;)  mstpyhd  kpd;D}l;lq;fs;  nfhz;l
kpd;Jfs;fNs ,lk; ngWfpd;wd.

SI myF Kiwapy;> ntw;wplj;jpw;fhd $Y}k; tpjpapd; tbtk; 12
1 2

21 2

1
4 o

q qF r
rpe

= $ tpLjpwd;

e kjpg;Gila  NtnwhU  Clfj;jpy;  itf;fg;gl;Ls;s  Gs;sp  kpd;Jfs;fSf;F  ,ilNa

nray;gLk; tpir 12
1 2

21 2
1

4
q qF r
rpe

= $

Mdhy; oe e> vdNt> ntw;wplj;jpy; cs;s Gs;sp kpd;Jfs;fSf;F ,ilapyhd tpiria

tpl gpw Clfq;fspy; nray;gLk; tpir Fiwthf ,Uf;Fk;. NkYk; xU Clfj;jpd; rhh;G

tpLjpwid (Relative  permittivity) ehk;  gpd;tUkhW  tiuaWf;fyhk;. r
o

e
e

e
= . ntw;wplk;

kw;Wk; fhw;wy; 1re = kw;w Clfq;fSf;F 1re > .
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$Y}k;  tpjp  epA+l;ldpd;  <h;g;G  tpjpapd;  mikg;igNa  nfhz;Ls;sJ.  ,t;tpuz;bYk;
tpirahdJ>  ,ilj;njhiytpd;  ,Ukbf;F  vjph;j;jfty;  cs;sthW  mike;Js;sd.
epiykpd;  tpir>  Gs;sp  kd;Jfs;fspy;  cs;s  kpd;D}l;lq;fspd;  ngUf;fYf;F
Neh;j;jftpYk;><h;g;G tpir Gs;sp epiwfspd; ngUf;fYf;F Neh;j;jftpYk; mike;Js;sd.
Mdhy;> ,tw;wpw;fpilNa rpy Kf;fpa NtWghLfSk; cs;sd.

,U  epiwfSf;F  ,ilNaahd  <h;g;G  tpir  vg;NghJk;  ftUk;  tpirahfNt  cs;sJ.
$Y}k;  tpirNah>  kpd;Jfs;fspd;  ,ay;ig  nghUj;J  ftUk;  tpirahfNth  tpyf;F
tpirahfNth ,Uf;fpd;wJ.

<h;g;gpay;  khwpypapd;  kjpg;G G  =  6.626 ×  10-11  Nm2kg-2Mdhy;>  $Y}k;  tpjpapy;  cs;s

khwpypapd;  kjpg;G k  =  9 ×  109 N  m2 C-2.  k d;  kjpg;G G I tpl kpfTk;  mjpfkhjyhy;
epiw  Fiwthd nghUs;fSf;F  <h;g;G  tpiriaf;  fhl;bYk;  epiykpd;  tpirapd;  kjpg;G
kpfTk; mjpfkhfNt ,Uf;Fk;.

,U  epiwfSf;F  ,ilapy;  cs;s  <h;g;G  tpir  mJ  itf;fg;gl;bUf;Fk;  Clfj;ijr;
rhh;e;jjy;y. vLj;Jf;fhl;lhf> fhw;wpNyh my;yJ ePhpNyh>vjpy; itf;fg;gl;bUe;jhYk; ,U

1  kg  epiwfSf;fpilNa  nray;gLk;  <h;g;G  tpirapd;  kjpg;G  khwhJ.  Mdhy;>  ,U
kpd;Jfs;fSf;F  ,ilNa  nray;gLk;  epiykpd;  tpirNah  mit  itf;fg;gl;Ls;s
Clfj;jpd; jd;ikia rhh;e;J ,Uf;Fk;.

epiwfs;  epiyahf  ,Ue;jhYk;  ,af;fj;jpypUe;jhYk;  <h;g;g  tpir  xd;whfNt  ,Uf;Fk;.
Mdhy;>  kpd;Jfs;fs;  ,aq;Fk;NghNjh  $Y}k;  tpirAld;  Nrh;e;J  kw;nwhU  tpirAk;
(yhd;]; tpir) nray;glj; Jtq;Fk;.

kpd;Jfs; q1,d; kPJ kpd;Jfs; q2nrYj;Jk; tpir

,q;F 21r$ vd;gJ q2tpypUe;J q1I  Nehf;fpa  jpirapYs;s  XuyF  ntf;luhFk;.  Mdhy;>

vdg; gpujpapl;lhy;> 21 12r r= -$ $

1 2 1 2
12 12 122 2

1 1( ) ( )
4 4o o

q q q qF r r
r rpe pe

= - = -$ $

(my;yJ) 12 21F F=
vdNt epiy kpd; tpir epA+l;ldpd; %d;whk; tpjpf;Fl;gl;lJ.

$Y}k; tpjp Gs;sp kpd;Jfs;fsf;F kl;LNk nghUe;Jk;. Mdhy;> Gs;sp kpd;Jfs; vd;gJ
xU  fUj;jhf;fk;  kl;LNk.  eilKiwapy;  rhj;jpakpy;iy.  kpd;Jfs;fSf;F  ,ilNa
cs;s  njhiyit  xg;gpLk;NghJ  mtw;wpd;  cUt  msT  kpfTk;  rpwpajhf  ,Ue;jhy;>
$Y}k; tpjpia ehk; gad;gLj;jyhk;. ,d;Dk; nrhy;yg;Nghdhy; $Y}k; jd; Nrhjidapy;>

KWf;Fj;juhR (Torsion  balance) xd;wpy;  itf;fg;gl;l  kpd;D}l;lk;  ngw;w  ,U
Nfhsq;fisg;  Gs;sp  kpd;Jfs;fshff;  fUjpNa mth;  jk;  tpjpiaf;  fz;lwpe;jhh;.  me;j
Ma;tpy;> Nfhsq;fspd; Muq;fis tpl mtw;wpw;fpilNaahd njhiyT kpf mjpfk;.

vLj;Jf;fhl;L

glj;jpy; ,U Gs;sp kpd;Jfs;fs; q1kw;Wk; q2epiyahf cs;sd.

mit 1 m ,ilntspapy; gphpj;J itf;fg;gl;Ls;sd. gpd;tUk; Neh;TfSf;F mtw;Wf;F
,ilNa nray;gLk; tpiria fzf;fpLf.

1. q1 = +2 μC kw;Wk; q2 = +3 μC
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2. q1 = +2 μC kw;Wk; q2 = -3 μC
3. q1 = +2 μC kw;Wk; q2 = -3 μC ePhpy;

( re  = 80) itf;fg;gLk; NghJ

jPh;T:

q1 = +2 μC, q2 = +3 μC, r = 1m. ,q;F ,uz;LNk
Neh; kpd;Jfs;fs;. Mjyhy;>,tw;wpw;F ,ilNa
tpyf;F tpir nray;gLk;

kpd;Jfs; q1My; kpd;Jfs; q2czUk; tpir

,q;F 12r$ vd;gJ q1ypUe;J q2I Nehf;fpa

jpirapYs;s XuyF ntf;lh; q1 f;F tyJ

gf;fj;jpy; q2 cs;sjhy;>

12r i=$ $vdNt
9 6 6

21 2
9 10 2 10 3 10 ˆ

1
F i

- -´ ´ ´ ´ ´
=

uuur

9

0

1 9 10
4pe

é ù
= ´ê ú

ë û

= 54 × 10-3 N i$

epA+l;ldpd; %d;whk; tpjpg;gb> kpd;Jfs; q2 My; q1czUk; tpir 12 21F F=-
ur ur

vdNt 3
12 54 10F Ni-= - ´

ur
$

21F
ur

kw;Wk; 12F
ur

Mfpatw;wpd; jpirfs; glj;jpy; (Neh;T (m) fhl;lg;gl;Ls;sJ.

q1 = +2 C, q2 = -3 μC, r = 1m. ,it Ntwpd kpd;Jfs;fshjshy; ,tw;wpw;fpilNa ftUk;

tpir nray;gLk;. kpd;Jfs; q1My; q2czUk; tpir

( ) ( )9 6 6

21 122

9 10 2 10 3 10
ˆ

1
F r

- -´ ´ ´ ´ - ´
=

uuur

= -54 × 10-3 N   (/ ,q;F 12 = )

vdNt>  kpd;Jfs; q2  MdJ q1  I  Nehf;fpa  jpirapy;  (mjhtJ  vjpu;f;Fwp x
jpirapy;) xU ftUk; tpiria czUk;.

epA+l;ldpd; %d;whk; tpjpg;gb> kpd;Jfs; q2 My; q1 czUk; tpir

12 21F F= -
uur uuur

mjhtJ 3
12

ˆ54 10F Ni-= ´
uur

21F
ur

kw;Wk; 12F
ur

 Mfpa tpirfspd; jpir glj;jpy; (Neu;T - M) fhl;lg;gl;Ls;sJ.

(,) ,U kpd;Jfs;fSk; ePUf;Fs; itf;fg;gl;lhy; q2 czUk; tpir
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1 2
21 122

1 ˆ
4

W q qF r
rpe

=
uuur

Mdhy; 0re e e=

1 2 21
21 122

0

1 ˆ
4

W

r r

q q FF r
rpe e e

= =

uuur
uuur

vdNt
3

3
21

54 10 ˆ ˆ0.675 10
80

W NF i Ni-´
= = - ´

uuur

,U  kpd;Jfs;fSf;fpilNa  ntw;wplj;jpy;  nray;gLk;  tpiria  tpl  mit

ePUf;Fs;  itf;fg;gLk;  NghJ  nray;gLk;  tpir
1

80
gq;fhff;  Fiwe;Js;sijf;

ftdpf;fTk;. rhjhuz cg;ig (NaCl) ePupy; ,Lk;NghJ> ePupd; mjpf kjpg;Gila rhu;G

tpLjpwdhy; ( 80)re =  Na  kw;Wk; ClmadpfSf;F  ,ilNa  epyTk;  epiykpd;  tpir

Fiwe;J tpLfpwJ. ,jdhy; jhd; ePu; xU rpwe;j fiug;ghdhf cs;sJ.

vLj;Jf;fhl;L:

xt;nthd;Wk;  1g  epiwAila  rpwpa  cUtsT  nfhz;l>  ,U  xNu  khjpupahd

Nfhsq;fs;  rkepiyapy;  cs;sthW>  glj;jpy;  fhl;lg;gl;Ls;sd.  E}ypd;  ePsk; 10  cm
kw;Wk;  nrq;Fj;Jj;  jpirAld;  E}y;  cUthf;Fk;  Nfhzk;  7°  vdpy;  Nfhsk;

xt;nthd;wpYk; cs;s kpd;D}l;lj;ijf; fzf;fpLf. (g = 10 m s-2 vd vLj;Jf;nfhs;f)

jPu;T

Nfhsq;fs;  ,uz;Lk;  kpd;D}l;lk;  mw;witahf  ,Ue;jhy;>  mit

njhq;ftplg;gLk;NghJ mtw;Wf;F ,ilNa cUthFk; Nfhzk; 0° Mf ,Uf;Fk;. Mdhy;
mit Neu; kpd;D}l;lk; ngw;w Nfhsq;fs; Mjyhy;> mtw;Wf;fpilNa tpyf;F nray;gl;L>

nrq;Fj;J  jpirf;F  7°  Nfhzj;jpy;  mit  rkepiyf;F  tUfpd;wd.  rkepiyapy;
xt;nthU  NfhsKk;  czUk;  epfu  tpir  RopahFk;.  mtw;Ws;  VNjDk;  xU
Nfhsj;jpw;fhd  jdpj;j  nghUs;  tpirg;glj;ij  ehk;  tiue;J>  nrq;Fj;J  kw;Wk;
fpilkl;lj; jpirfspy; epA+l;ld; ,uz;lhk; tpjpiag; gad;gLj;JNthk;

Neu;f;Fwp x– jpirapy; Nfhsj;jpd; epfu KLf;fk; Rop.

epA+l;ldpd; ,uz;lhk; tpjpg;gb ( )totF ma=
ur r

,

T sin  - Fe  = 0
T sin = Fe (1)

,q;F T  vd;gJ  E}ypdhy;  Nfhsj;jpd;  kPJ  nrYj;jg;gLk;  ,Otpir  kw;Wk; Fe
vd;gJ ,U Nfhsq;fSf;F ,ilapyhd epiykpd; tpir.

y - jpirapYk; $l> Nfhsj;jpd; epfu KLf;fk; Rop. vdNt

T cos  – mg  = 0

vdNt>T cos  = mg.
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rkd;ghL (1) I (2) My; tFf;f>

tan  = eF
mg

,U Nfhsq;fSk; rkkpd;D}l;lk; ngw;Ws;sjhy;> epiykpd; tpirapd; vz;kjpg;G

2

2e
qF k
r

= ,q;F
0

1
4

k
pe

=

NkYk; r = 2 a = 2L Sin > rkd;ghL (3)y; gpujpapl
2

2tan
(2 sin )

qk
mg L q

q = (4)

rkd;ghL (4) I khw;wpaikf;f

tan2 sin mgq L
k

qq=

3

9

10 10 tan72 0.1 sin 7
9 10

- ´ ´ °
= ´ ´ °´

´
q = 8.9 × 10-9 C = 8.9 nC

vLj;Jf;fhl;L:

i`bu[d;  mZtpy;  cs;s  GNuhl;lhDf;Fk;  vyf;l;uhDf;Fk;  ,ilNaahd

epiykpd;  tpir  kw;Wk;  <u;g;G  tpiriaf;  fzf;fpLf.  mtw;wpd;  ,ilj;njhiyT 5.3 ×
10-11  vyf;l;uhd;  kw;Wk;  GNuhl;lhd;  ,itapuz;bw;Fk;  kpd;D}l;l  kjpg;G 1.6 ×  10-19  C.
vyf;l;uhdpd; epiw me = 9.1 × 10-31 kg kw;Wk; GNuhl;lhdpd; epiw mp = 1.6 × 10-27 kg.

jPu;T

GNuhl;lhDk; vyf;l;uhDk; xd;iwnahd;W ftUfpd;wd. ,t;tpU kpd;Jfs;fSf;Fk;
,ilNaahd epiykpd; tpirapd; vz;kjpg;G

2 9 19 2

2 11 2

9 10 (1.6 10 )
(5.3 10 )e

keF
r

-

-

´ ´ ´
= =

´
7 89 2.56 10 8.2 10 N

28.09
- -´

= ´ = ´

GNuhl;lhd;  kw;Wk;  vyf;l;uhDf;F  ,ilNaahd  GtpaPu;g;G  tpirAk;  ftu;tpirNa.
,t;tpU Jfs;fSf;Fk; ,ilNa epyTk; <u;g;G tpirapd; vz;kjpg;G

G 2F e pGm m
r

=

11 31 27

11 2

6.67 10 9.1 10 1.6 10
(5.3 10 )

- - -

-

´ ´ ´ ´ ´
=

´
47 4797.11 10 3.4 10 N

28.09
- -= ´ = ´

,t;tpU tpirfSf;Fkhd tpfpjk;
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8
39

47

8.2 10 2.41 10
3.4 10

e

G

F
F

-

-

´
= = ´

´
3910e GF F» vd;gijf; ftdpf;fTk;.

GNuhl;lhDf;Fk;  vyf;l;uhDf;Fk;  ,ilNaahd  epiykpd;  tpirahdJ  mtw;Wf;fpilNa
epyTk;  <h;g;G  tpiriatpl  gy  klq;F  kpfg;nghpaJ.  vdNt>  rpwpa  epiw  nfhz;l

nghUs;fs; kw;Wk; mZepiy msTfs; (Atomic  domain) cs;spl;l gy #o;epiyfspy;
epiykpd;  tpiria  xg;gpLifapy;  <h;g;G  tpir  Gwf;fzpf;fj;jf;fNj.  ,jdhy;  jhd;>
kpd;D}l;lkw;w rpW fhfpjj;Jz;L xd;W Gtpapd; <h;g;G tpirapdhy; ftug;gl;lhYk; mij
tpl  mjpf  typikAld;  kpd;D}l;lk;  ngw;w  rPg;G  xd;wpdhy;  (mf;fhfpjj;  Jz;il)  ftu
KbfpwJ.

Nkw;nghUe;Jjy; jj;Jtk;:

,U Gs;sp kpd; Jfs;fSf;F ,ilNa Vw;gLk; ,iltpidia $Y}k; tpjp tpsf;FfpwJ.
,uz;bw;F Nkw;gl;l kpd;Jfs;fs; ,Ue;jhy;> xt;nthU kpd;Jfspd; kPJk; kw;w midj;J
kpd;Jfs;fSk;  nrYj;Jk;  tpiriaf;  fzf;fpl  Ntz;Lk;.  ,j;jifa  #o;epiyfSf;F
$Y}k;  tpjpapdhy;  kl;LNk  tpir  fhz ,ayhJ.  gy  kpd;Jfs;  mikg;Gfspy;  Vw;gLk;
,iltpidfisg; gw;wp Nkw;nghUe;Jjy; jj;Jtk; tpsf;FfpwJ.
Nkw;nghUe;Jjy;  jj;Jtj;jpd;  gb>  xU  Fwpg;gpl;l  kpd;Jfs;  kPJ  nray;gLk;  nkhj;j
tpirahdJ kw;w midj;J kpd;Jfs;fs; mjd; kPJ nray;gLj;Jk;  tpirfspd;  ntf;lh;
$LjYf;Fr; rkkhFk;.

q1,  q2,  q3,....  qnMfpa  kpd;D}l;l  kjpg;GfisAila n  kpd;Jfs;fis  cs;slf;fpa

mikg;G xd;iwf; fUJf. q1 d; kPJ q2nrYj;Jk; tpir

1 3
12 212

21

q qF k r
r

=
ur

$

,q;F  vd;gJ  tpypUe;J  I  ,izf;Fk;  Nfhl;bd;  jpirapy;  mikAk;  XuyF  ntf;lh;
kw;Wk;  vd;gJ  mit  ,uz;bw;Fkhd  ,ilj;njhiyT  MFk;.  ,t;tpU  kpd;Jfs;fSf;F
,ilNaahd tpir> Rw;wp mike;Js;s kw;w kpd;Jfs;fshy; khw;wg;gLtjpy;iy.

q1d; kPJ q3nrYj;Jk; tpir

1 3
13 312

31

q qF k r
r

=
ur

$

,NjNghy; q1d;  kPJ  kw;w  midj;J  kpd;Jfs;fshYk;  nrYj;jg;gLk;  nkhj;j  epiykpd;
tpir

1 12 13 14 1......
tot

nF F F F F= + + +
ur ur ur ur ur

21 31 41 1
1 2 1 3 1 4 1

1 2 2 2 2
21 31 41 1

..... n

tot n

n

q q q q q q q qF k r r r r
r r r r

ì ü
= + + + +í ý

î þ

ur
$ $ $ $

,U  kpd;Jfs;fis  tpl  mjpf  vz;zpf;ifapy;  cs;s  kpd;Jfs;  mikg;Gfspy;>
Nkw;nghUe;Jjy;  jj;Jtj;ijg;  gad;gLj;jhky;  $Y}k;  tpjp  KOik  ngwhJ.
Nkw;nghUe;Jjy;  jj;Jtk;  kw;Wk;  $Y}k;  tpjp Mfpait epiy kpd;dpaypd;  mbg;gilj;
jj;Jtq;fshFk;.  epiy kpd;dpaypy;  fhzg;gLk;  midj;J  epfo;TfisAk;  ,t;tpuz;L
jj;Jtq;fs;  tpsf;Ffpd;wd.  MdhYk;  ,t;tpuz;L  jj;Jtq;fisAk;  xd;wpypUe;J
kw;nwhd;iwj; jUtpf;f ,ayhJ.

vLj;Jf;fhl;L:

Muk; 1 m nfhz;l tl;lj;jpYs;s ehd;F Gs;spfspy; ehd;F rkkhd kpd;D}l;lk; nfhz;l

kpd;Jfs;fs; q1, q2, q3kw;Wk; q4 = q = + 1 μC itf;fg;gl;Ls;sd kpd;Jfs; q1d; kPJ kw;w
midj;J kpd;Jfs;fshYk; nrYj;jg;gLk; nkhj;j tpiriaf; fhzf;fpLf.
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jPh;T:

Nkw;nghUe;Jjy;  jj;Jtj;jpd;  gb q1  d;  kPJ  nrYj;jg;gLk;  nkhj;j  epiykpd;
tpirahdJ kw;w kpd;Jfs;fshy; mjd; kPJ nrYj;jg;gLk; jdpj;jdp tpirfspd; ntf;lh;

$LjYf;Fr; rkk;. q1d; kPJ nray;gLk; tpir xt;nthd;wpd; jpirAk; gpd;tUk; glj;jpy;
fhl;lg;gl;Ls;sJ.

1 12 13 14
tot

F F F F= + +
ur ur ur ur

q2  kw;Wk; q4Mfpa  kpd;Jfs;fs; q1  ypUe;J  rk  njhiytpy;  cs;sd.  vdNt>
jpirapdhy;

NtWgl;lhYk; 12F
ur

kw;Wk; 14F
ur

tpirfspd;  vz;kjpg;G  rkkhFk;.  ,jdhy;  jhd;  mtw;iwf;

Fwpg;gplg; gad;gLj;jpa ntf;lh;fs; rkePsKld; tiuag;gl;Ls;sd. Mdhy; q2 kw;Wk; q1

Mfpatw;iwf;  fhl;bYk;  mjpf  njhiytpy;  kpd;Jfs; q3  cs;sJ.  njhiyT  $bdhy;

epiykpd;  tpirapd;  typik  FiwAk;.  Mjyhy;>  tpirfs; 12F
ur

kw;Wk; 14F
ur

Mfpatw;iw

tpl 13F
ur

d;  vz;kjpg;G  FiwT.  ,jdhy;  jhd;  tpirfs; 12F
ur

kw;Wk; 14F
ur

Mfpatw;wpd;

ePsj;ij tpl tpir 13F
ur

d; ePsk; Fiwthf tiuag;gl;Ls;sJ.

glj;jpypUe;J 21 412r m r= = kw;Wk; 31 2r m= tpirfspd; vz;kjpg;G
2 9 12

13 2
31

9 10 10
4

kqF
r

-´ ´
= =

F13 = 2.25 × 10-3 N
2 9 12

12 2
21

9 10 10
2

kqF
r

-´ ´
= =

= 4.5 × 10-3 N
glj;jpypUe;J θ=  45°,e;j  tpirfs;  mtw;wpd;  ntf;lh;  $Wfisf;  nfhz;L  gpd;tUkhW
vOjg;gLfpwJ.

$
12 12 12cos sinF F i F jq q= -

ur
$

$3 31 14.5 10 4.5 10
2 2

i j- -= ´ ´ - ´ ´$

3
13 13 2.25 10F F i Ni-= = ´

ur
$ $

$
14 14 14cos sinF F i F jq q= +

ur
$

$3 31 14.5 10 4.5 10
2 2

i j- -= ´ ´ + ´ ´$

vdNt q1 d; kPJ nray;gLk; nkhj;j tpir

$( )1 12 12 13cos sin
tot

F F i F j F iq q= - +
ur

$ $

+ $( )14 14cos sinF i F jq q-$

( )1 12 13 14cos cos
tot

F F F F iq q- +
ur

$

+ ( ) $12 14cos sinF F jq q- +

F12 = F14Mjyhy;> $j jpirf;$W RopahFk;.
vdNt>
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( )1 12 13 14cos cos
tot

F F F F iq q= + +
ur

$

,r;rkd;ghl;by; kjpg;Gfisg; gpujpapl>

= ( )4.5 4.52.25 4.5 2 2.25
2 2

i iæ ö= + + = +ç ÷
è ø

$ $

3
1 8.61 10
tot

F Ni-= ´
ur

$

njhFgad; tpirahdJ Neh;f;Fwp x - mr;R jpirapy; mikfpwJ.

kpd;Gyk; kw;Wk; kpd;Gyf; NfhLfs;
kpd;Gyk;:
,U  kpdJfs;fSf;F  ,ilNa  epfOk;  ,iltpid  $Y}k;  tpjpapdhy;  ngwg;gLfpwJ.

,e;j  ,iltpid  vt;thW  cUthfpwJ?  ntspg;gug;gpy; (space)  xU  Gs;spapy;
itf;fg;gl;Ls;s  Gs;sp  kpd;Jfs;  xd;iwf;  fUJNthk;.  mjpypUe;J  rpwpJ  njhiytpy;
,d;ndhU  Gs;sp  kpd;Jfis  itj;jhy;  mJ  ftUk;  tpir  my;yJ  tpyf;F  tpiria

czUk;. ,ij njhiytpy; epfOk; tpirr;nray; (action – at – a distance) vd;gh;. Mdhy;
rpwpJ  njhiytpy;  itf;fg;gLfpd;w  ,uz;lhtJ  kpd;Jfs;>  Kjy;  kpd;Jfspd;  ,Ug;ig
vt;thW mwpe;J nfhs;fpwJ? ,e;jf; Nfs;tpf;fhd tpilia mspf;fNt ikf;Nfy; ghuNl
kpd;Gyk; vd;w fUj;jpaiy mwpKfk; nra;jhh;.

ghuNltpd;  fUj;Jg;gb>  gpugQ;rj;jpYs;s  xt;nthU  kpd;JfSk;  mjidr;  Rw;wp  xU
kpd;Gyj;ij  cUthf;Ffpd;wJ.  ,e;j  kpd;Gyj;jpy;  ,d;ndhU  kpd;Jfisf;  nfhz;L
tUk;NghJ>  Kjy;  kpd;Gyj;Jld;  mJ ,iltpid  Ghptjhy;  xU  tpiria  czh;fpwJ.
,NjNghy;><h;g;Gg;Gyk; vd;w fUj;jpaiy mwpKfg;gLj;jpa NghJk;>

mJ  ,U  epiwfSf;fpilNa  nray;gLk;  ,iltpidNa  vd;W  tpthpj;jij  epidtpy;
nfhs;sTk;  kpd;tpir  kw;Wk;  <h;g;Gtpir  Mfpa  ,uz;LNk  njhlh  tpirfs;.  Mjyhy;
njhiytpy; epfOk; tpirr;nray;fis tpsf;f Gyk; vd;w fUj;jpay; Njitg;gLfpwJ.

Gwntspapy;  xU Gs;spapy;  itf;fg;gl;Ls;s q  vd;w  Gs;sp  kpd;Jfs;  xd;iwf;  fUJf.
mjpypUe;J r  njhiytpy;  cs;s P vd;w  Gs;spapy; q0vd;w  ,d;ndhU  kpd;Jfs;

(Nrhjid kpd;Jfs;) itf;fg;gLfpwJ. q My; Nrhjid kpd;Jfs; q0 czUk; epiykpd;
tpir $Y}k; tpjpapdhy; ngwg;gLfpwJ.

jd;idr;  Rw;wp  mike;Js;s  ntspg;gug;gpy;  kpd;Jfs; q  MdJ xU kpd;Gyj;ij

cUthf;FfpwJ. q  vd;w  Gs;sp  kpd;JfspypUe;J  njhiytpYs;s  Gs;sp P  ,y;

itf;fg;gLk; XuyF kpd;D}l;lk; nfhz;l kpd;Jfshy; czug;gLk; tpirNa mg;Gs;sp P
,y;  itf;fg;gLk;  XuyF  kpd;D}l;lk;  nfhz;l  kpd;Jfshy;  czug;gLk;  tpirNa

mg;Gs;sp P ,y; cs;s kpd;Gyj;jpd; kjpg;ghFk;. ,ijNa ehk; gpd;tUkhW vOjyhk;.

2 2
0 0

1ˆ ˆ
4

F kq qE r r
q r rpe

= = =
ur

ur

,q;F  vd;gJ q tpypUe;J ehk; vLj;Jf;nfhz;l Gs;sp Pf;F tiuag;gLk; XuyF
ntf;luhFk;.  kpd;Gyk;  xU ntf;lu;  msT>  NkYk;  mjd; SI myF epA+l;ld; / $Y}k;

(NC-1) MFk;.

kpd;Gyj;jpd; Kf;fpa gz;Gfs;:
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i) kpd;Jfs; q  Neu;  kpd;D}l;lk;  (+)  nfhz;ljhf  ,Ue;jhy;>  kpd;JfspypUe;J

ntspNehf;fpa jpirapy; kpd;Gyk; ,Uf;Fk;. q Vjph;kpd;D}l;lk; (-) nfhz;ljhf
,Ue;jhy; cs;Nehf;fpa jpirapy; kpd;Gyk; ,Uf;Fk;.

ii) P vd;w  xU  Gs;spapy;  kpd;Gyk;  vdpy;>  mg;Gs;spapy;  itf;fg;gLk;  Nrhjid

kpd;Jfs; q0 My; czug;gLk; tpir.

0F q E=
ur ur

,JNt> kpd;Gyf; fUj;jpaypd; %ykhf $Y}k; tpiriag; ngWk; Kiw.

i) kpd;GykhdJ  Nrhjid  kpd;Jfspd;  kpd;D}l;lk; q0  Ir;  rhu;e;jjy;y

vd;gijAk;  %y  kpd;Jfspd;  (Source  charge)  kpd;D}l;l  kjpg;G q I
kl;LNk rhu;e;jJ vd;gijAk; rkd;ghL (1.4)d; %ykhd mwpayhk;.

ii) kpd;Gyk;  xU  ntf;lu;  msT  vd;gjhy;  mjw;F  jdpj;jnthU  jpirAk;
vz;kjpg;Gk;  ntspapYs;s  xt;nthU  Gs;spapYk;  ,Uf;Fk;.  kpd;JfSf;Fk;

Gs;spf;Fk; ,ilNa cs;s njhiyT (r)

mjpfupj;jhy;  kpd;Gyj;jpd;  vz;kjpg;G  FiwAk;  vd;gij  rkd;ghL.  kpd;Gy

%yj;jpw;F mUfpy; Gs;sp Pmike;Js;sjhy; mq;F

kpd;Gyj;jpd; typik my;yJ vz;kjpg;G kw;w Gs;spfs; Q kw;Wk; R  I  tpl
mjpfkhf cs;sJ.

iv) Nrhjid kpd;Jfs; (q0)  itf;fg;gLk;NghJ %y kpd;Jfs; efuhky; ,Ug;gjw;fhf

mjd; kpd;D}l;l kjpg;G q0 kpfTk; rpwpajhf vLj;Jf; nfhs;sg;gLfpwJ my;yJ
%y kpd;Jfspd; kpd;Gyj;ijg; ghjpf;fhjthW ,Ug;gjw;fhf Nrhjid kpd;Jfs;
kpfr;rpwpa kpd;D}l;l kjpg;Gilajhf vLj;Jf;nfhs;sg;gLfpwJ.

v) rkd;ghL (1.4)  Gs;sp  kpd;Jfs;fSf;F kl;LNk nghUe;Jk;.  kpd;Jfs;fspd;  njhlu;
guty;fSf;Fk;>  tuk;gpw;Fl;gl;l  kpd;D}l;l  msT  nfhz;l  kpd;Jfs;
guty;fSf;Fk;  njhifaply;  Kiwfisg;  gad;gLj;j  Ntz;Lk;.  ,tw;iwg;
gpd;du;  ghu;g;Nghk;.  ,Ug;gpDk;>  tuk;gpw;Fl;gl;l  kpd;D}l;l  msT  nfhz;l
kpd;JfsplkpUe;J Nrhjidg; Gs;sp ntF njhiytpy; cs;sNghJ> mj;Jfshy;
cUthf;fg;gLk;  kpd;Gyj;jpw;fhd  Njhuhakhd  mstPlhf  ,r;rkd;ghl;ilg;
gad;gLj;jyhk;.  Gtpapd;  kPJ  #upad;  Vw;gLj;Jk;  <u;g;Gg;  Gyj;ijf;
fzf;fpLk;NghJk;>  Gtpia  xU  Gs;sp  epiwahff;  fUjpaij  epidT
nfhs;sTk;

vi) kpd;Gyq;fspy;  ,U  tiffs;  cs;sd:  rPuhd  (khwhj)  kpd;Gyk;  kw;Wk;  rPuw;w

kpd;Gyk;.  Gwntspapy;  (space)  cs;s midj;J  Gs;spfspYk;  xNu  jpirAld;

khwhj vz;kjpg;Gk; nfhz;bUe;jhy; mJ rPuhd kpd;Gyk; (uniform electric field)
vdg;gLk;.  Gwntspapy;  ntt;NtW  Gs;spfspy;  ntt;NtW  jpirfs;  my;yJ
ntt;NtW  vz;kjpg;Gfs;  my;yJ  ,t;tpuz;LNk  nfhz;bUe;jhy;  mJ  rPuw;w
kpd;GykhFk;.  Gs;sp  kpd;Jfs;  xd;wpdhy;  Vw;gLk;  kpd;Gyk;  rPuw;w  kpd;GyNk.
mjd;  rPuw;w  jd;ik  jpirapYk;  cs;sJ>  vz;  kjpg;gpYk;  cs;sJ –  mjd;
jpir Mug;Nghf;fpy; ntspNehf;fpathW (my;yJ cs;Nehf;fpathW) mikfpwJ.
NkYk; njhiyT mjpfupf;Fk;NghJ> mjd; vz; kjpg;Gk; khWgLfpwJ.

vLj;Jf;fhl;L

gpd;tUk; ,U Neu;TfSf;F P kw;Wk; Q Gs;spfspy; kpd;Gyj;ijf; fzf;fpLf.
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(m) Mjpg;Gs;spapy; itf;fg;gl;Ls;s +1 µC kpd;D}l;lk; nfhz;l Gs;sp Neu; kpd;Jfshy;
cUthFk; kpd;Gyk;.

(M) Mjpg;Gs;spapy; itf;fg;gl;Ls;s -2 µC kpd;D}l;lk; nfhz;l Gs;sp vjpu; kpd;Jfshy;
cUthFk; kpd;Gyk;

jPu;T
Neu;T (m)

Gs;sp P apy; kpd;Gyj;jpd; vz;kjpg;G

9 6

2
0

1 9 10 1 10
4 4P

qE
rpe

-´ ´ ´
= =

3 12.25 10 NC -= ´

,q;F  %y  kpd;Jfs;  Neu;  kpd;D}l;lk;  nfhz;ljhf  ,Ug;gjhy;>  mjpypUe;J

ntspNehf;fpa jpirapy; kpd;Gyk; Fwpf;fg;gLfpd;wJ. vdNt> Gs;sp P ,y; kpd;Gyk;
3 1ˆ2.25 10PE NC i-= ´

uur

Gs;sp P y; kpd;Gyj;jpd; vz;kjpg;G

,q;F %y kpd;Jfs; vjph; kpd;D}l;lk; nfhz;ljhf ,Ug;gjhy;> mij Nehf;fpa jpirapy;

kpd;Gyk; Fwpf;fg;gLfpd;wJ. vdNt> Gs;sp P y; kpd;Gyk;
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Gs;sp kpd;Jfs;fshyhd mikg;gpd; kpd;Gyk;:

Gwntspapy; (space)  gy  Gs;sp  kpd;Jfs;fs;  gutpAs;s  mikg;G  xd;iwf;  fUJNthk;.
,e;jg;  Gs;sp  kpd;Jfs;fspd;  mikg;gpdhy;  xU  Gs;spapy;  cUthFk;  nkhj;j
kpd;Gyj;ijf;  fzf;fpLtjw;F  Nkw;nghUe;Jjy;  jj;Jtj;ijg;  gad;gLj;JfpNwhk;.
,t;tikg;gpy;  VNjDk;  xU  Gs;spapy;  fhzg;gLk;  njhFgad;  kpd;GykhdJ  xt;nthU
kpd;JfSk;  mg;Gs;spapy;  cUthf;Fk;  kpd;Gyq;fspd;  ntf;lh;  $LjYf;Fr;  rkk;.  ,JNt
kpd;Gyq;fspd; Nkw;nghUe;Jjy; vdg;gLk;.

ntspg;gug;gpy;  gy;NtW  Gs;spfspy;  mike;Js;s q1,  q2,  q3.....qnMfpa  Gs;sp
kpd;Jfs;fspd; mikg;igf; fUJNthk;. ,t;tidj;J kpd;Jfs;fshYk; VNjhnthU Gs;sp

(P) apy; cUthFk; nkhj;j kpd;Gyk;

,q;F q1,  q2,  q3.....  qnMfpa  kpd;Jfs;fSf;Fk;  Gs;sp P f;Fk;  ,ilNaAs;s

njhiyTfis  KiwNa 1 2 3, , ..........p p p npr r r r vd;f.  NkYk; 1 2 3, , ..........p p p npr r r r$ $ $ $ Mfpad

KiwNa q1,  q2,  q3.....  qnkpd;Jfs;fspy;  ,Ue;J  mg;Gs;spf;F  tiuag;gl;l  xuyF
ntf;lh;fshFk;.

rkd;ghL gpd;tUkhW vOjyhk;.
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vLj;Jf;fhl;lhf q1,q2,q3,Mfpa %d;W Gs;sp kpd;Jfs;fshy; xU Gs;sp P apy; cUthFk;
njhFgad; kpd;Gyk;

Fwpg;gpl;l  Gs;sp (P)  apypUe;J  kpd;Jfspd;  rhh;Gj;  njhiyTfisg; (relative  disances)
nghWj;Nj  kpd;Gy  ntf;lh;fspd;  rhh;G  ePsq;fSk; (relative  length) cs;sijf;
ftdpf;fTk;.

glj;jpy; nfhLf;fg;gl;Ls;s Gs;sp kpd;Jfs; mikg;igf; fUjTk;> Gs;sp A y; cUthFk;
kpd;Gyj;ijf;  fzf;fpLf.  mg;Gs;spapy;  vyf;l;uhd;  xd;W itf;fg;gl;lhy;>  mJ milAk;

KLf;fk; vt;tsT? (vyf;l;uhdpd; epiw = 9.1 ×  10-31 kg. vyf;l;uhdpd; kpd;D}l;lk; = -16
× 10-19 C)

jPh;T:
Nkw;nghUe;Jjy; jj;Jtj;jpd; gb> Gs;sp A y; epfu kd;Gyk;

,q;F r1Akw;Wk; r2AMfpad Gs;sp A  f;Fk;  Jfs;fSf;Fk;   ,ilNaAs;s
njhiyTfs;

kpd;Gyj;jpd; vz;kjpg;G

,JNt OA d; jpirapy; mike;j XuyF ntf;luhFk;

Gs;sp A y; tiff;fg;gLk; vyf;l;uhd; milAk; KLf;fk;
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kpd;Gyk; AE
ur

d; jpirf;F Nenujph; jpirapy; vyf;l;uhd; KLf;fkilfpwJ.

kpd;Jfs;fspd; njhlh; gutyhy; cUthFk; kpd;Gyk;:

Ez;zpa epiyfspy; kpd;D}l;lk; Fthz;lj; jd;ik nfhz;lJ. rkd;ghLfs; (1.2),  (1.3),
(1.4) Mfpait Gs;sp kpd;Jfs;fSf;F kl;LNk nghUe;Jgit. kpd;D}l;;lk; ngw;w Nfhsk;
my;yJ kpd;D}l;lk;  ngw;w fk;gp  cs;spl;l nghUs;fspd;  kpd;Gyj;ijf;  fzf;fpLk;NghJ
mq;F jdpj;jdp Gs;sp kpd;Jfs;fisf; fUj;jpy; nfhs;tJ ,ayhJ. vdNt> ,j;jifa
nghUs;fspy;  kpd;Jfs;fs;  njhlh;  gutypy;  cs;sjhff;  fUj  Ntz;Lk;.  NkYk;>

mg;nghUs;fSf;F  kpd;D}l;lq;fspd;  gpupepiyj;  jd;ikia (discrete  nature) fUj;jpy;
nfhs;sj;  Njitapy;iy.  mj;jifa  kpd;Jfs;fspd;  njhlh;  guty;fshy;  cUthFk;

kpd;Gyj;ij Ez;fzpj (Calculus method) Kiwiag; gad;gLj;jp fzf;fplyhk;.

xOq;fw;w tbtq;nfhz;l> kpd;D}l;lk; ngw;w nghUs; xd;iwf; fUJNthk;. mg;nghUis

∆q1, ∆q2, ∆q3  ..... ∆qnMfpa  kpd;Jfs;  $Wfshfg;  gFf;fTk;  xt;nthU ∆q kpd;Jfs;
$iwAk; Gs;sp kpd;Jfs;fshff; fUjyhk;.

midj;J kpd;Jfs;  $WfshYk;  xU Gs;spapy;  Vw;gLk;  kpd;Gyq;fspd;  ntf;lh;  $Ljy;>
mk;kpd;D}l;lg; nghUshy; Vw;gLk; kpd;Gyj;jpw;Ff; fpl;lj;jl;l rkkhFk;.

,q;F ∆qivd;gJ itJ  kpd;Jfs;  $W>ripvd;gJ  gs;sp P apypUe;J itJ  kpd;Jfs;  $wpd;
njhiyT kw;Wk; ipr$ vd;gJ itJ kpd;Jfs; $wpypUe;J Gs;sp P f;F tiuiag;gl;l xuyF

ntf;lh;. vdpDk; rkd;ghL xU Njhuhakhd rkd;ghNl. kpd;Jfs;fspd; njhlh; gutiyf;

fzf;fpy; nfhs;s ∆q →  0 = (  -  dq) vd;w vy;iyia vLf;f Ntz;Lk;. ,e;j vy;iyapy;
rkd;ghL xU njhifaPlhf khWfpd;wJ.
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,q;F r vd;gJ kPr;rpW (infinitesimal) kpd;D}l;lk; nfhz;l kpd;Jfs; dq tpypUe;J Gs;sp

P cs;s njhiyT r$kw;Wk;  vd;gJ dq tpypUe;J  Gs;sp (P) ia Nehf;fp  tiuag;gLk;
xuyF  ntf;lh;.  kpd;Jfs;fspd;  njhlh;  guty;fshy;  cUthFk;  kpd;Gyj;ijf;
fzf;fpLtJ rw;W fbdnkd;whYk;> mj;jifa nghUshy; xU Nrhjid kpd;Jfspd; kPJ

nrYj;jg;gLk;  tpiriaf;  fzf;fpl  ,q;Fk; F qE=
ur ur

vd;w  njhlh;igNa  ehk;

gad;gLj;JfpNwhk;.

1. L ePsKs;s  fk;gpnahd;wpy; Q  kpd;D}l;lk;  nfhz;l  kpd;Jfs;fs;  rPuhfg;  gutp
,Ue;jhy;>  mjd;  kpd;D}l;l  ePs;  mlh;j;jp  (XuyF  ePsj;jpYs;s  kpd;Jfs;fspd;

kpd;D}l;l  kjpg;G)
Q
L

l = ,jd;  myF  $Y}k; /  kPl;lh; (Cm-1) kPr;rpW  ePsk; dl y;

cs;s kpd;Jfs;fspd; kpd;D}l;lk; dq = λdl.

nkhj;j kpd;D}l;lk; Q cs;s ePs; kpd; mikg;gpdhy; cUthFk; kpd;Gyk;

2. A  gug;gsT  nfhz;l  gug;nghd;wpy; Q  kpd;D}l;lk;  nfhz;l  kpd;Jfs;fs;  rPuhfg;
gutpapUe;jhy;>  mjd;  kpd;D}l;lg;  gug;glh;j;jp  (XuyF gug;gstpYs;s  kpd;Jfs;fspd;

kpd;D}l;l kjpg;G)
Q
A

s = ,jd; myF $Y}k; kPl;lh;2(Cm-2)

kPr;rpW gug;gsT dA y; cs;s kpd;Jfs;fspd; kpd;D}l;lk; dq = σdA.

nkhj;j kpd;D}l;lk; Q cs;s gug;gpdhy; cUthFk; kpd;Gyk;

V  gUkd;  nfhz;l  nghUspy; Q   kpd;D}l;lk;  nfhz;l  kpd;Jfs;fs;  rPuhfg;
gutpapUe;jhy;>  mjd;  kpd;D}l;lg;  gUkd;  mlh;j;jp  (xuyF  gUkdpy;  cs;s

kpd;Jfs;fspd; kpd;D}l;l kjpg;G)
Q
V

r = ,jd; myF $Y}k; / kPl;lh;3 (C m-3)

kPr;rpW gUkd; dV y; cs;s kpd;Jfs;fspd; kpd;D}l;lk; dq = ρdV

nkhj;j kpd;D}l;llk; Q nfhz;l gUkg;nghUshy; cUthFk; kpd;Gyk;

vLj;Jf;fhl;L
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cuha;tw;w>  kpd;fhg;gplg;gl;l  rha;jsk;  xd;wpd;  kPJ m  epiwAk; q  Neh;  kpd;D}l;l
kjpg;Gk;  nfhz;l  nghUs;  xd;W  itf;fg;gl;Ls;sJ.  mij  epiyahf  itg;gjw;F>

rha;jsj;jpw;F  ,izahd  jpirapy;  kpd;Gyk;  E  mspf;fg;gLfpwJ.  kpd;Gyj;jpd; (E)
vd;kjpg;igf; fhz;f.

jPh;T:
 epiw m d; kPJ nray;gLk; %d;W tpirfs;

1. fPo;Nehf;fpa jpirapy; Gtpapdhy; nrYj;jg;gLk; <h;g;G tpir (mg)
2. rha;jsj;jpd; gug;gpdhy; mspf;fg;gLk; nrq;Fj;J tpir (N)
3. rPuhd kpd;Gyj;jpdhy; mspf;fg;gLk; $Y}k; tpir (qE)

epiw m d; jdpj;j nghUs;.

,jw;fhd  jFe;j  epiyk  Ma  mikg;ghdJ (inertial  coordinate   system)
rha;jsj;jpy;  ,lk;  ngw;Ws;sijg;  glj;jpy;  fhzyhk;. x  kw;Wk; y–mr;R  Mfpa

,uz;L jpirfspYk; epiw m d; KLf;fk; Rop.

x– jpirapy; epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;j>

kpd;Gyj;jpd; vz;kjpg;ghdJ> epiwf;F (m) Neh;j;jftpYk; kpd;D}l;l kjpg;G q tpw;F
vjph;j;jftpYk; cs;sijf; ftdpf;fTk;. mjhtJ> kpd;D}l;lj;ij khw;whky; epiwia
kl;Lk;  $l;bdhy;  mg;nghUs;  efuhky;  ,Uf;f  NkYk;  typikahd  kpd;Gyk;
Njitg;gLk;.  khwhf>  epiwia khw;whky;  kpd;D}l;lj;ij kl;Lk;  $l;bdhy;>  nghUs;
efh;tijj; jLf;f typik Fiwe;j kpd;GyNk NghJkhdJ.

rha;jsj;jpd;  cauk; (h), ePsk; (L) Mfpatw;wpd;  mbg;gilapYk;  kpd;Gyj;ij
vOjyhk;.

kpd;Gyf; NfhLfs;:
kpd;Gyf;  NfhLfs;  vd;w  fUj;jhf;fj;ijg;  gad;gLj;jp  kpd;Gy  ntf;lh;fis
ghh;f;ff;$ba  tifapy;  fhz;gpf;fyhk;.  Gwntspapy;  xU  gFjpapy;  mike;Js;s
kpd;Gyj;ijf;  fhz;gpf;Fk;  tz;zk;  tiuag;gLk;  njhlh;  NfhLfNs  kpd;Gyf;
NfhLfs;  MFk;.  kpd;Gyf;  NfhLfis tiuAk;  NghJ gpd;tUk;  tpjpfisg;  gpd;gw;w
Ntz;Lk;.

· kpd;Gyf; NfhLfs; Neh; kpd;Jfspy; njhlq;fp vjph; kpd;JfspNyh my;yJ Kbtpyhj;
njhiytpNyh Kbtilfpd;wd.
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xU  Gs;sp  Neh;  kpd;JfSf;F  tiuag;gLk;  kpd;Gyf;  NfhLfs;  Mug;Nghf;fpy;
ntspNehf;fpa  jpirapYk;>  xU  Gs;sp  vjph;  kpd;JfSf;F  mit  Mug;Nghf;fpy;
cs;Nehf;fpa jpirapYk; mikfpd;wd.

xU  jdpj;j>  Gs;sp  Neh;  kpd;Jfisg;  nghUj;jtiu  kpd;Gyf;  NfhLfs;
mk;kpd;JfspypUe;J  njhlq;fp  Kbtpyhj;  njhiytpy;  Kbtilfpd;wd.  xU jdpj;j>
Gs;sp  vjph;  kpd;Jfisg;  nghUj;jtiu  mit  Kbtpyhj;  njhiytpy;  njhlq;fp
mk;kpd;Jfspy; Kbtilfpd;wd.
kpd;Gyf; Nfhl;bw;F xU Gs;spapy; tiuag;gLk; njhLNfhl;bd; jpirapy; mg;Gs;spapd;
kpd;Gy ntf;lh; mikAk;

ve;jnthU  gFjpapy;  kpd;Gyj;jpd;  nrwpT  mjpfkhf  cs;sNjh  mq;F  kpd;Gyf;
NfhLfs;  neUf;fkhfTk;>  vq;F  kpd;Gyj;jpd;  nrwpT  Fiwthf  cs;sNjh  mq;F
mit  ,ilntsp  tpl;Lk;  fhzg;gLfpd;wd.  mjhtJ>  Fwpg;gpl;lnthU  gug;gpw;F
nrq;Fj;jhd  jpirapy;>  mg;gug;igf;  flf;Fk;  kpd;Gyf;  NfhLfspd;  vz;zpf;if
mt;tplj;jpYs;s kpd;Gyj;jpd; vz; kjpg;Gf;F Neh;j;jftpy; ,Uf;Fk;.

xU  Gs;sp  Neh;  kpd;JfspypUe;J  ntspNawpr;  nry;Yk;  kpd;Gyf;NfhLfs;
fhl;lg;gl;Ls;sd.  kpd;JfspypUe;J njhiyT mjpfhpf;Fk;NghJ kpd;Gyj;jpd;  typik

FiwAk; 2

1E
r

æ öµç ÷
è ø

ur
Q . vdNt> gug;G B cs;s ,lj;ijtpl gug;G A cs;s ,lj;jpy;

kpd;Gyk;  mjpfk;.  MfNt>  gug;G B If;  flf;Fk;  NfhLfspd;  vz;zpf;ifia  tpl

gug;G A  If;  flf;Fk;  NfhLfspd;  vz;zpf;if  mjpfkhf  cs;sJ.  gug;G B  y;

NfhLfs;  ,ilntsp  tpl;Lk;  gug;G A  y;  mit  neUf;fkhfTk;  cs;sijf;
ftdpf;fTk;.

,U  kpd;Gyf;  NfhLfs;  xd;iwnahd;W  ntl;bf;  nfhs;tjpy;iy.  mt;thW  ntl;bf;
nfhz;lhy;> xNu Gs;spapy; ,UNtW kpd;Gy ntf;lh;fs; cs;s epiy Vw;gLk;.

mt;thW  Vw;gl;lhy;>  me;j  ntl;Lg;  Gs;spapy;  itf;fg;gLk;  xU  kpd;JfshdJ xNu
Neuj;jpy;  ,UNtW  jpirfspy;  efu  Ntz;Lk;.  ,J  ,aw;ifapy;  elf;fhj  xd;W>
vdNt> kpd;Gyf; NfhLfs; xd;iwnahd;W ntl;bf; nfhs;tjpy;iy.

xUNeh;  kpd;JfspypUe;J  ntspNehf;fpr;  nry;Yk;  kpd;Gyf;  NfhLfspd;  vz;zpf;if
my;yJ  vjph;  kpd;Jfspy;  KbtilAk;  NfhLfspd;  vz;zpf;ifahdJ  me;j
kpd;Jfspd; kpd;D}l;l kjpg;gpw;F Neh;j;jftpy; ,Uf;Fk;.

vLj;Jf;fhl;lhf>+q kw;Wk; -2q Mfpa kpd;D}l;l kjpg;G nfhz;l ,U kpd;Jfs;fSf;F

tiuag;gl;Ls;s  kpd;Gyf;  NfhLfs;  nfhLf;fg;gl;Ls;sd. +q kpd;JfspypUe;J

ntsptUk;  Gyf;NfhLfspd;  vz;zpf;if  8  vd;gijAk; -2q kpd;Jfis  milAk;
Gyf;NfhLfspd;  vz;zpf;if  16  vd;gijAk;  ftdpf;fTk;.  ,uz;lhtJ  kpd;Jfspd;
kpd;D}l;l  kjpg;G  Kjyhtijtpl  ,U  klq;fhf  cs;sjhy;  kpd;Gyf;  NfhLfspd;
vz;zpf;ifAk; ,Uklq;fhf cs;sJ.

kpd; ,UKidAk; mjd; gz;GfSk;:
kpd; ,UKid (Dipole):

rpwpa  ,ilntspapy;  gphpj;J  itf;fg;gl;l  ,U  rkkhd>  Ntwpd  kpd;Jfs;fs;  kpd;
,UKidia  cUthf;Ffpd;wd.  gy  %yf;$Wfspy;  Neh;  kpd;Jfs;fspd;  ikaKk;
vjph;  kpd;Jfs;fspd;  ikaKk;  xNu  Gs;spapy;  nghUe;JtJ  ,y;iy.  mj;jifa
%yf;$Wfs;  epiyahd  kpd;  ,U  Kidfisg;Nghy;  nray;gLfpd;wd.

vLj;Jf;fhl;Lfs;: CO, ePh;> mk;Nkhdpah>HCl cs;spl;lit.
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2a  njhiytpy;  gphpj;J  itf;fg;gl;Ls;s  ,U  rkkhd>  kpd;D}l;lk;  nfhz;l  Ntwpd

kpd;Jfs;fisf; (+q, -q) fUJNthk;.

kpd;  ,UKidapd;  jpUg;Gj;jpwd; (electric  depole  moment)  gpd;tUkhW
tiuaWf;fg;gLfpwJ.

,q;F r +

r
vd;gJ  Mjpg;Gs;spapypUe;J +q f;F  tiuag;gLk;  epiy  ntf;lh;  kw;Wk;

r -

r
vd;gJ Mjpg;Gs;spapypUe;J –q f;F tiuag;gLk; epiy ntf;lh;

,jpypUe;J  ehk;  mwptJ>  kpd;,UKid  jpUg;Gj;jpwdpd;  jpirahdJ  ,U

kpd;Jfs;fis ,izf;Fk; Nfhl;bd; topNa –q tpypUe;J  +q I Nehf;fp mikfpwJ.

,j;jpUg;Gj;jpwdpd; SI  myF $Y}k;  kPl;lh; (Cm)  kpd;  ,UKid xd;wpd;  kpd;Gyf;
NfhLfs; fhl;lg;gl;Ls;sd.

· vspik  fUjp  ,U  kpd;Jfs;fSk; x–  mr;rpNyNa  itf;fg;gl;Ls;sd. y–  mr;Rj;

jpirapNyh z–  mr;Rj;  jpirapNyh  mit  itf;fg;gl;bUe;jhYk; -q  tpypUe;J  +q
cs;s jpirapNyNa mike;jpUf;Fk;.  kpd;  ,UKid jpUg;Gj;jpwdpd;  vz;kjpg;ghdJ
mk;kpd;Jfs;fSs;  VNjDk;  xd;wpd;  kpd;D}l;l  kjpg;gpid  mtw;wpw;fpilNa  cs;s

njhiytpdhy; ngUf;ff; fpilg;gjhFk;. 2p qa=
ur

· ,U  rkkhd>  Ntwpd  kpd;Jfs;fspd;  kpd;  ,UKid  jpUg;Gj;jpwd;  ,q;F
tiuaWf;fg;gl;L  ,Ue;jhYk;  ,UKid jpUg;Gj;jpwd;  vd;gJ xU nghJthd msT.
xU  jdpj;j  kpd;Jfs;>  ,U  Neh;  kpd;Jfs;fs;>  ,U  vjph;kpd;Jfs;fs;  kw;Wk;  ,U
kpd;Jfs;fSf;F  Nkw;gl;l  vz;zpf;ifapyhd  kpd;Jfs;fs;  nfhz;l  mikg;G
Mfpatw;Wf;Fk; $l kpd; ,UKid jpUg;Gj;jpwid tiuaiw nra;J> fzf;fplyhk;.

n Gs;sp kpd;Jfs;fs; mlq;fpa njhFg;gpw;F> kpd; ,UKid  jpUg;Gj;jpwidg;
gpd;tUkhW tiuaWf;fyhk;.

,q;F ir
r
vd;gJ Mjpg;Gs;spapypUe;J kpd;Jfs; qif;F  tiuag;gLk;   epiy

ntf;lh;.

gpd;tUk; kpd;Jfs; mikg;GfSf;F kpd; ,UKid jpUg;Gj;jpwidf; fzf;fpLf.
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jPh;T:

Neh;T (m) +q kpd;Jfspd;  epiy  ntf;lh;  Neh; x- mr;R  jpirapy;

mike;Js;s ai$ kw;nwhU kpd;Jfspd; epiy ntf;lh;> vjph; x mr;R   jpirapy;

mike;Js;s - ai$ vdNt ,UKidapd; jpUg;Gj;jpwd;.

Neh;T (M) ,q;F xU kpd;Jfs; Mjpg;Gs;spapy; itf;fg;gl;Ls;sJ.  vdNt mjd;
epiy  ntf;lh;  Rop.  MfNt>  ,d;ndhU  kpd;Jfspd;   epiy  ntf;luhd  kl;LNk

,UKidapd;  jpUg;Gj;jpwid   cUthf;FfpwJ.  mjhtJ> p qai=
ur

$

nghJthf>  Mjpg;Gs;spapd;  Njh;T  kw;Wk;  kpd;Jfs;fspd;  epiyaikg;G  Mfpatw;iwr;
rhh;e;Nj kpd;  ,UKid jpUg;Gj;jpwd; mikfpd;wJ. Mdhy; xU rpwg;G Neh;Tf;F kl;Lk;
mJ  Mjpg;  Gs;spapd;  Njh;itr;  rhh;e;jpuhJ –  mjhtJ>  nkhj;j  (epfu)  kpd;D}l;lk;
Ropahf ,Uf;Fk; NghJ kl;Lk; ,djhy;jhd;> Mjpg;Gs;spapd; Njh;T vt;thwhf ,Ug;gpDk;

(nkhj;j kpd;D}l;lk; Ropahtjhy;) xU kpd; ,UKidapd; jpUg;Gj;jpwdhdJ –q tpypUe;J

+q it Nehf;fpa jpirapy; mikfpwJ.

Neh;T (,) $ $ $2 (2 )( ) 4p qa j q a j qa j= - + - = -
ur

,e;j Neh;tpy; p
ur
d;  jpir -2q tpypUe;J  +q it

Nehf;fp ,Uf;Fk;.

Neh;T  (<) $ $2 ( ) ( ) 2p qa i qa j qa j=- - + - =
ur

$ ePH;  %yf;$W  (H2O)  xd;wpd;  kpd;Jfs;fs;

epiyaikg;G  ,ijg;  NghyNt  cs;sJ.  ePh;  %yf;$W  %d;W  mZf;fs;  (,uz;L H
mZf;fs; kw;Wk; xU O mZ) nfhz;lJ. ePh;  %yf;$W xd;wpy; Neh; kpd;Jfspd; (H)
ikaKk;  vjph;  kpd;Jfspd; (O)  ikaKk;  ntt;NtW  Gs;spfspy;  miktjhy;>  mJ

epiyj;j ,UKid jpUg;Gj;jpwidg; (Permanent dipole moment) ngw;Ws;sJ. ,jpy; O
–  H  gpizg;gpd;  ePsk; 0.058×  10-10m.  Mjyhy;>  ePh;  %yf;$wpd;  kpd;  ,UKid

jpUg;Gj;jpwd; p = 6.1 10-30  C m. ,q;F kpd;,UKid jpUg;Gj;jpwdhdJ vjph; kpd;Jfspd;
ikaj;jpypUe;J Neh; kpd;Jfspd; ikaj;ij Nehf;fp jpirapy; ,Uf;Fk;.

kpd; ,UKidapd; kpd;Gyk;:

Neh;T i. kpd; ,UKidapd; mr;Rf;Nfhl;by; kpd; ,UKidahy; cUthFk; kpd;Gyk;.
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x– mr;rpy; itf;fg;gl;Ls;s kpd; ,UKid xd;iwf; fUJNthk;. mjd; ikag;Gs;sp O
tpypUe;J mr;Rf;Nfhl;by; r njhiytpy; Gs;sp C cs;sJ.

+q kpd;D}l;l  kjpg;G  nfhz;l  kpd;Jfshy;  Gs;sp C  y;  cUthFk;  kpd;Gyk;

2
0

1
4 ( )

qE
r ape

+ =
-

ur
 (BC jpirapy;)

,q;F �pvd;gJ –q tpypUe;J +q it  Nehf;fpa  jpirapy;  tiuag;gLk;  ,UKid

jpUg;Gj;jpwdpd; XuyF ntf;luhFk;.

-q kpd;D}l;l kjpg;G nfhz;l kpd;Jfshy; Gs;sp C y; cUthFk; kpd;Gyk;

-q  kpd;Jfistpl  +q kpd;JfshdJ  Gs;sp C  f;F  mUfpy;  cs;sjhy;>  I  tpl
typikahdJ. vdNt>

midj;J kpd;Jfs;  $WfshYk;  xU Gs;spapy;  Vw;gLk;  kpd;Gyq;fspd;  ntf;lh;  $Ljy;>
mk;kpd;D}l;lg; nghUshy; Vw;gLk; kpd;Gyj;jpw;Ff; fpl;lj;jl;l rkkhFk;.

,q;F r vd;gJ kPr;rpW  (infinitesimal) kpd;D}l;lk; nfhz;lkpd;Jfs; dqtpypUe;JGs;sp
pcs;s  njhiyT  kw;Wk; r  vd;gJ dqtpypUe;J  Gs;sp (p)  ia  Nehf;fp  tiuag;gLk;
XuyF  ntf;lu;.  kpd;Jfs;fspd;  njhlu;  guty;fshy;  cUthFk;  kpd;Gyj;ijf;
fzf;fpLtJ rw;W fbdnkd;whYk;> mj;jifa nghUshy; xU Nrhjid kpd;Jfspd; kPJ

nrYj;jg;gLk;  tpiriaf;  fzf;fpl  ,q;Fk; F qE=
uv uv

vd;w  njhlu;igNa  ehk;

gad;gLj;JfpNwhk;.
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(a) L ePsKs;s fk;gpnahd;wpy; Qkpd;D}l;lk; nfhz;l kpd;Jfs;fs; rPuhfg; gutp ,Ue;jhy;>
mjd;  kpd;D}l;l  ePs;  mlu;j;jp  (XuyF  ePsj;jpYs;s  kpd;Jfs;fspd;  kpd;D}l;l  kjpg;G)

Q
L

l = . ,jd; myF $Y}k; /kPl;lu; (Cm-1)

kPr;rpW ePsk; dl y; cs;s kpd;Jfs;fspd; kpd;D}l;lk; dl dll=

nkhj;j kpd;D}l;lk; Q cs;s ePs; kpd; mikg;gpdhy; cUthFk; kpd;Gyk;

A gug;gsT  nfhz;l  gug;nghd;wpy; Q  kpd;D}l;lk;  nfhz;l  kpd;Jfs;fs;  rPuhfg;
gutpapUe;jhy;>  mjd;  kpd;D}l;lg;  gug;glh;j;jp  (XuyF  gug;gstpYs;s  kpd;Jfs;fspd;

kpd;D}l;l kjpg;G)
Q
A

s = . ,jd; myF $Yhk;/kPl;lh;2 (C m-2)

kPr;rpW gug;gsT dA y; cs;s kpd;Jfs;fspd; kpd;D}l;lk; dq dAs= .

nkhj;j kpd;D}l;lk; Q cs;s gug;gpdhy; cUthFk; kpd;Gyk;

(c) V gUkd; nfhz;l nghUspy; Q kpd;D}l;lk; nfhz;l kpd;Jfs;fs;
rPuhfg; gutpapUe;jhy;> mjd; kpd;D}l;lg; gUkd; mlu;j;jp (XuyF gUkdpy; cs;s
kpd;Jfs;fspd;

kpd;D}l;lkjpg;G)
Q
V

r = . ,jd; myF $Y}k; / kPl;lh;3 (C m-3)

kPr;rpW gUkd; dV y; cs;s kpd;Jfs;fspd; kpd;D}l;lk; dq = r dV
nkhj;j kpd;D}l;lk; Q nfhz;l gUkg;nghUshy; cUthFk; kpd;Gyk;

vLj;Jf;fhl;L:

cuha;tw;w> kpd;fhg;gplg;gl;l rha;jsk; xd;wpd; kPJ m epiwk; q Neh; kpd;D}l;l kjpg;Gk;
nfhz;l  nghUs;  xd;W  itf;fg;gl;Ls;sJ.  mij epiyahf itg;gjw;F>  rha;jsj;jpw;F

,izahd jpirapy; kpd;Gyk; E mspf;fg;gLfpwJ. kpd;Gyj;jpd; (E) vd;kjpg;igf; fhz;f.

jPh;T:
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epiw m d; kPJ nray;gLk; %d;W tpirfs;:

1. fPo;Nehf;fpa jpirapy; Gtpapdhy; nrYj;jg;gLk; <h;g;G tpir (mg)
2. rha;jsj;jpd; gug;gpdhy; mspf;fg;gLk; nrq;Fj;J tpir (N)
3. rPuhd kpd;Gyj;jpdhy; mspf;fg;gLk; $Yhk; tpir (qE)

epiw m d; jdpj;j nghUs; tpirg;glk; ,q;Nf jug;gl;Ls;sJ.

,jw;fhd  jFe;j  epiyk  Ma  mikg;ghdJ (inertial  coordinate  system) rha;jsj;jpy;

,lk; ngw;Ws;sijg; glj;jpy; fhzyhk; x kw;Wk; y – mr;R Mfpa ,uz;L jpirfspYk;

epiw m d; KLf;fk; Rop.

x– jpirapy; epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;j>

my;yJ
sinmgE
q

q
=

kpd;Gyj;jpd;  vz;kjpg;ghdJ>  epiwf;F (m)  Neh;j;jftpYk;  kpd;D}l;l  kjpg;G q  tpw;F
vjph;j;jftpYk;  cs;sijf;  ftdpf;fTk;.  mjhtJ>  kpd;D}l;lj;ij  khw;whky;  epiwia
kl;Lk; $l;bdhy; mg;nghUs; efuhky; ,Uf;f NkYk; typikahd kpd;Gyk; Njitg;gLk;.
khwhf> epiyia khw;whky; kpd;D}l;lj;ij kl;Lk; $l;bdhy;> nghUs; efh;tijj; jLf;f
typik Fiwe;j kpd;GyNk NghJkhdJ.

rha;jsj;jpd; cauk; (h), ePsk; (L) Mfpatw;wpd; mbg;gilapYk; kpd;Gyj;ij vOjyhk;.
mghE
qL

=

kpd;Gyf; NfhLfs;:
kpd;Gyf; NfhLfs; vd;w fUj;jhf;fj;ijg; gad;gLj;jp kpd;Gy ntf;lh;fis ghh;f;ff;$ba
tifapy;  fhz;gpf;fyhk;.  Gwntspapy;  xU  gFjpapy;  mike;Js;s  kpd;Gyj;ijf;
fhz;gpf;Fk; tz;zk; tiuag;gLk; njhlh; NfhLfNs kpd;Gyf; NfhLfs; MFk;. kpd;Gyf;
NfhLfis tiuAk; NghJ gpd;tUk; tpjpfisg; gpd;gw;w Ntz;Lk;.

kpd;Gyf;  NfhLfs;  Neh;  kpd;Jfspy;  njhlq;fp  vjph;  kpd;JfspNyh  my;yJ
Kbtpyhj; njhiytpNyh Kbtilfpd;wd.

xU  Gs;sp  Neh;  kpd;JfSf;F  tiuag;gLk;  kpd;Gyf;  NfhLfs;  Mug;Nghf;fpy;
ntspNehf;fpa  jpirapYk;.  xU  Gs;sp  vjph;  kpd;JfSf;F  mit  Mug;Nghf;fpy;
cs;Nehf;fpa jpirapYk; mikfpd;wd.

xU jdpj;j Gs;sp Neh; kpd;Jisg; nghUj;jtiu kpd;Gyf; NfhLfs; mk;kpd;JfspypUe;J
njhlq;fp  Kbtpyhj;  njhiytpy;  Kbtilfpd;wd.  xUjdpj;j>  Gs;sp  vjph;  kpd;Jfisg;
nghUj;jtiu mit Kbtpyhj; njhiytpy; njhlq;fp mk;kpd;Jfspy; Kbtilfpd;wd.

kpd;Gyf;  Nfhl;bw;F  xU  Gs;spapy;  tiuag;gLk;  njhLNfhl;bd;  jpirapy;  mg;Gs;spapd;
kpd;Gy ntf;lh;  mikg;G ve;jnthU gFjpapy;  kpd;Gyj;jpd;  nrwpT mjpfkhf cs;sNjh
mq;F kpd;Gyf; NfhLfs; neUf;fkhfTk;> vq;F kpd;Gyj;jpd; nrwpT Fiwthf cs;sNjh
mq;F  mit  ,ilntsp  tpl;Lk;  fhzg;gLfpd;wd.  mjhtJ>  Fwpg;gpl;lnthU  gug;gpw;F
nrq;Fj;jhd  jpirapy;>  mg;gug;igf;  flf;Fk;  kpd;Gyf;  NfhLfspd;  vz;zpf;if
mt;tplj;jpYs;s kpd;Gyj;jpd; vz;kjpg;Gf;F Neh;j;jftpy; ,Uf;Fk;.

xU  Gs;sp  Neh;  kpd;JfspypUe;J  ntspNawpr;  nry;Yk;  kpd;Gyf;  NfhLfs;
fhl;lg;gl;Ls;sd.  kpd;JfspypUe;J  njhiyT  mjpfhpf;Fk;NghJ  kpd;Gyj;jpd;  typik
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FiwAk; 2

1E
r

æ öµç ÷
è ø

ur
Q . vdNt>  gug;G  B  cs;s  ,lj;ijtpl  gug;G A  cs;s  ,lj;jpy;

kpd;Gyk; mjpfk;. MfNt gug;G B If; flf;Fk; NfhLfspd; vz;zpf;ifia tpl gug;G A
If;  flf;Fk;  NfhLfspd;  vz;zpf;if  mjpfkhf  cs;sJ.  gug;G B  y;  NfhLfs;

,ilntsp tpl;Lk; gug;G A y; mit neUf;fkhfTk; cs;sijf; ftdpf;fTk;.

· ,U  kpd;Gyf;  NfhLfs;  xd;iwnahd;W  ntl;bf;  nfhs;tjpy;iy.  mt;thW  ntl;bf;
nfhz;lhy;> xNu Gs;spapy; ,UNtW kpd;Gy ntf;lh;fs; cs;s epiy Vw;gLk;.

· mt;thW  Vw;gl;lhy;>  me;j  ntl;Lg;  Gs;spapy;  itf;fg;gLk;  xU  kpd;JfshdJ  xNu
Neuj;jpy;  ,UNtW  jpirfspy;  efu  Ntz;Lk;.  ,J  ,aw;ifapy;  elf;fhj  xd;W.
vdNt> kpd;Gyf; NfhLfs; xd;iwnahd;W ntl;bf; nhfs;tjpy;iy.

· xU Neh;  kpd;JfspypUe;J  ntspNehf;fpr;  nry;Yk;  kpd;Gyf;  NfhLfspd;  vz;zpf;if
my;yJ  vjph;  kpd;Jfspy;  KbtilAk;  NfhLfspd;  vz;zpf;ifahdJ  me;j
kpd;Jfspd; kpd;D}l;l kjpg;gpw;F Neh;j;jftpy; ,Uf;Fk;.

vLj;Jf;fhl;lhf>+q kw;Wk; -2q Mfpa  kpd;D}l;l  kjpg;G  nfhz;l  ,U  kpd;Jfs;fSf;F

tiuag;gl;Ls;s kpd;Gyf;  NfhLfs;  nfhLf;fg;gl;Ls;sd. +q kpd;JfspypUe;J ntsptUk;

Gyf;NfhLfspd;  vz;zpf;if  8  vd;gijAk; -2q kpd;Jfis  milAk;  Gyf;NfhLfspd;
vz;zpf;if  16  vd;gijAk;  ftdpf;fTk;.  ,uz;lhtJ  kpd;Jfspd;  kpd;D}l;l  kjpg;G
Kjyhtijtpl  ,Uklq;fhf  cs;sjhy;  kpd;Gyf;  NfhLfspd;  vz;zpf;ifAk;
,Uklq;fhf cs;sJ.

gy;NtW  kpd;Jfs;  mikg;GfSf;fhd  kpd;Gyf;  NfhLfs;  gpd;tUk;  glq;fspy;
nfhLf;fg;gl;Ls;sd.

cs;s q1 kw;Wk; q2 Mfpa ,U kpd;Jfs;fspd; FwpaPLfis milahsk; fz;L. 1

2

q
q

d;

tpfpjj;ijf; fhz;f.

,U  Neh;  kpd;Jfs;fspd;  kpd;D}l;l  tpfpjj;ijf;  fzf;fpLf.  NkYk; A,  B,C Mfpa
Gs;spfspy; kpd;Gyj;jpd; typikiaf; fzf;fpLf.

%d;W kpd;Jfs;fspd; kpd;Gyf; NfhLfs; nfhLf;fg;gl;Ls;sd. q2 = -20 nC vdpy; q1kw;Wk;

q3d; kpd;D}l;l kjpg;Gfisf; fzf;fpLf.

jPh;T:

kpd;Gyf;  NfhLfs; q2y;  njhlq;fp  q1 y;  Kbtilfpd;wd.  vdNt> tpy; q2Neh;f;Fwp (+)
nfhz;lJ. q1vjph;Fwp (-) nfhz;lJ. q2 tpypUe;J ntspNaWk;  NfhLfspd;  vz;zpf;if

18> kw;Wk; q1 y; KbtilAk; NfhLfspd; vz;zpf;if 6. vdNt q2d; vz;kjpg;G MFk;.
tpfpjk;

,U Neh; kpd;Jfs;fspy; ,Ue;J ntspNaWk; NfhLfspd; vz;zpf;ifAk; rkk;. (N = 18)
vdNt> mtw;wpd; kpd;D}l;l kjpg;GfSk; rkkhf ,Uf;f Ntz;Lk;. Gs;sp B y; cs;sij
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tpl  Gs;sp A –  tpy;  kpd;Gyf;  NfhLfs;  neUf;fkhf  cs;sd.  vdNt>  Gs;sp B  y;

fhzg;gLk; kpd;Gyj;jpd; vz;kjpg;ig tpl Gs;sp A y; mjpfk;. NkYk; C d; topNa ve;j
kpd;Gyf;  NfhLk;  nry;ytpy;iy.  MfNt  ,t;tpU  kpd;Jfs;fshy; C  y;  Vw;gLk;
njhFgad; kpd;Gyk; RopahFk;.

q1kw;Wk; q3 apypUe;J kpd;Gyf; NfhLfs; njhlq;fp q2 y; Kbtilfpd;wd. q1 kw;Wk; q3
Mfpait Neh; kpd;Jfs; vd ,jpypUe;J njhpfpwJ. NkYk; NfhLfspd; vz;zpf;ifapd;

tpfpjk;  rkk;. (N  =  18). vdNt  mtw;wpd; 1 3

2 2

8 1
16 2

q q
q q

= = = , MfNt>q2  d;  kjpg;gpy;

ghjpasT cilait q1kw;Wk; q3

q1 = q3 = + 10 nC

kpd; ,UKidAk; mjd; gz;GfSk;
kpd; ,UKid (Dipole):

rpwpa  ,ilntspapy;  gphpj;J  itf;fg;gl;l  ,U  rkkhd>  Ntwpd  kpd;Jfs;fs;  kpd;
,UKidia cUthf;Ffpd;wd.  gy %yf;$Wfspy;  Neh;  kpd;Jfs;fspd;  ikaKk;  vjph;
kpd;Jfs;fspd;  ikaKk;  xNu  Gs;spapy;  nghUe;JtJ ,y;iy.  mj;jifa  %yf;$Wfs;

epiyahd  kpd;  ,U  Kidfisg;Nghy;  nray;gLfpd;wd.  vLj;Jf;fhl;Lfs; CO, ePH;>

mk;Nkhdpah HCl cs;spl;lit.

2a njhiytpy;  gphpj;J  itf;fg;gl;Ls;s  ,U  rkkhd>  kpd;D}l;lk;  nfhz;l  Ntwpd

kpd;Jfs;fisf; (+q, -q) fUJNthk;.
kpd;  ,UKidapd;  jpUg;Gj;jpwd; (electric  dipole  moment) gpd;tUkhW
tiuaWf;fg;gLfpwJ.

p pr qr+ -= -
ur ur ur

,q;F r+

ur
 vd;gJ  Mjpg;Gs;spapypUe;J +q f;F  tiuag;gLk;  epiy  ntf;lh;  kw;Wk;

r-

ur
vd;gJ Mjpg;Gs;spapypUe;J –q f;F tiuag;gLk; epiy ntf;lh;tpypUe;J

,jpypUe;J ehk; mwptJ> kpd;,UKid jpUg;Gj;jpwdpd; jpirahdJ ,U kpd;Jfs;fis

,izf;Fk; Nfhl;bd; topNa –q tpypUe;J +q I Nehf;fp mikfpwJ. ,j;jpUg;Gj;jpwdpd;

SI  myF  $Y}k;  kPl;lh; (Cm)  kpd;  ,UKId  xd;wpd;  kpd;Gyf;  NfhLfs;
fhl;lg;gl;Ls;sd.

vspik  fUjp  ,U  kpd;Jfs;fSk; x–  mr;rpNyNa  itf;fg;gl;Ls;sd. y–  mr;Rj;

jpirapNyh z– mr;Rj;  jpirapNyh mit itf;fg;gl;bUe;jhYk; -q tpypUe;J  +q cs;s

jpirapNyNa p
ur
mike;jpUf;Fk;.  kpd;  ,UKid  jpUg;Gj;jpwdpd;  vz;kjpg;ghdJ

mk;kpd;Jfs;fSs;  VNjDk;  xd;wpd;  kpd;D}l;l  kjpg;gpid  mtw;wpw;fpilNa  cs;s

njhiytpdhy; ngUf;ff; fpilg;gjhFk;. 2p qa=
ur

,U rkkhd> Ntwpd kpd;Jfs;fspd; kpd; ,UKid jpUg;Gj;jpwd; ,q;F tiuaWf;fg;gl;L
,Ue;jhYk; ,UKid jpUg;Gj;jpwd; vd;gJ xU nghJthd msT xU jdpj;j kpd;Jfs;>
xU  Neh;  kpd;Jfs;fs;>  ,U  vjph;  kpd;Jfs;fs;  kw;Wk;  ,U  kpd;Jfs;fSf:F  Nkw;gl;l
vz;zpf;ifapyhd  kpd;Jfs;fs;  nfhz;l  mikg;G  Mfpatw;Wf;Fk;  $l  kpd;  ,UKid
jpUg;Gj;jpwid tiuaiw nra;J> fzf;fpyhk;.
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n Gs;sp kpd;Jfs;fs; mlq;fpa njhFg;gpw;F> kpd; ,UKid jpUg;Gj;jpwidg; gpd;tUkhW
tiuaWf;fyhk;.

,q;F ir
r
vd;gJ Mjpg;Gs;spapypUe;J kpd;Jfs; qif;F tiuag;gLk; epiy ntf;lh;.

vLj;Jf;fhl;L:

gpd;tUk; kpd;Jfs; mikg;GfSf;F kpd; ,UKkid jpUg;Gj;jpwidf; fzf;fpLf.

jPh;T:

Neh;T  (m) +q kpd;Jfspd;  epiy  ntf;lh;  Neh; x mr;R  jpirapy;  mike;Js;s

ai$ ai$ kw;nwhU +q kpd;Jfspd;  epiy  ntf;lh;>  vjph; x mr;R  jpirapy;  mike;Js;s  -

ai$ vdNt ,UKidapd; jpUg;Gj;jpwd;.

( ) ( ) ( ) ( ) 0p q ai q ai= + + + - =
ur r

$

Neh;T (M) ,q;F xU kpd;Jfs;  Mjpg;Gs;spapy;  itf;fg;gl;Ls;sJ vdNt mjd;  epiy

ntf;lh;  Rop.  MfNt> ,d;ndhU kpd;Jfspd;  epiy ntf;luhd ai$ kl;LNk ,UKidapd;

jpUg;Gj;jpwid cUthf;FfpwJ. mjhtJ> p qai=
ur

$

nghJthf>  Mjpg;Gs;spapd;  Njh;T  kw;Wk;  kpd;Jfs;fspd;  epiyaikAk;  Mfpatw;iwr;
rhh;e;Nj kpd; ,UKid jpUg;Gj;jpwd; mikfpd;wJ.  Mdhy;  xU  rpwg;G  Neh;Tf;F
kl;Lk; mJ Mjpg; Gs;spapd; Njh;itr; rhh;e;jpuhJ – mjhtJ> nkhj;j (epfu) kpd;D}l;lk;
Ropahf ,Uf;Fk;NghJ kl;Lk;. ,jdhy;jhd;> Mjpg;Gs;spapd; Njh;T vt;thwhf ,Ug;gpDk;>

(nkhj;j kpd;D}l;lk; Ropahtjhy;) xU kpd;,UKidapd; jpUg;Gj;jpwdhdJ –q tpypUe;J

+q it Nehf;fpa jpirapy; mikfpwJ.

Neh;  (,) $ $2 (2 )( ) 4p qa j q a j qai= - + - =
ur

$,e;j  Neh;tpy; �pd;  jpir -2q tpypUe;J  +q it

Nehf;fp ,Uf;Fk;.

Neh;T  (<) $ $2 ( ) ( ) 2p qa i qa j qa j qai= - - + + - =
ur

$ $ePh;  %yf;$W (H2O)  xd;wpd;  kpd;Jfs;fs;

epiyaikg;G  ,ijg;  NghyNt  cs;sJ.  ePh;  %yf;$W  %d;W  mZf;fs;  (,uz;L H
mZf;fs; kw;Wk; xU O mZ) nfhz;lJ. ePh;  %yf;$W xd;wpy; Neh; kpd;Jfspd; (H)
ikaKk;  vjph;  kpd;Jfspd; (O)  ikaKk;  ntt;NtW  Gs;spfspy;  miktjhy;>  mJ

epiyj;j ,UKid jpUg;Gj;jpwidg; (Permanent dipole moment) ngw;Ws;sJ. ,jpy; O
–  H  gpizg;gpd;  ePsk; 0.958 ×  10-10  m. Mjyhy;>  ePH;  %yf;$wpd;  kpd;  ,UKid

jpUg;Gj;jpwd; p = 6.1 × 10-30  cm. ,q;F kpd; ,UKid jpUg;Gj;jpwdhdJ vjph; kpd;Jfspd;
ikaj;jpypUe;J  Neh;  kpd;Jfspd;  ikaj;ij  Nehf;fpa  jpirapy;  ,Uf;Fk;.  ,J  fPNo
glj;jpy; fhl;lg;gl;Ls;sJ.

kpd;,UKidapd; kpd;Gyk; :
Neh;T (1) kpd; ,UKidapd; mr;Rf;Nfhl;by; kpd; ,UKidahy; cUthFk; kpd;Gyk;

,y;  fhl;bAs;sthW x  –  mr;rpy;  itf;fg;gl;Ls;s  kpd;  ,UKid xd;iwf;  fUJNthk;.

mjd; ikag;Gs;sp O tpypUe;J mr;Rf;Nfhl;by; r njhiytpy; Gs;sp C cs;sJ.
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kpd; ,UKidapd; mr;Rf;Nfhl;by; kpd;Gyk;;:

+q kpd;D}l;l  kjpg;G  nfhz;l  kpd;Jfs;fshy;  Gs;sp C  y;  cUthFk;  kpd;Gyk;

2
0

1
4 ( )

qE
r ape

+ =
-

ur
  (BC jpirapy;)

kpd; ,UKid jpUg;Gj;jpwd; ntf;lh; p MdJ –q tpypUe;J  +q it Nehf;fpa jpirapy;>

mjhtJ BC jpirapy; ,Ug;gjhy;>

,q;F �p vd;gJ –q tpypUe;J +q it  Nehf;fpa  jpirapy;  tiuag;gLk;  ,UKid

jpUg;Gj;jpwdpd; xuyF ntf;luhFk;.

-q kpd;D}l;l kjpg;G nfhz;l kpd;Jfshy; Gs;sp C y; cUthFk; kpd;Gyk;

-q kpd;Jfistpl +q kpd;JfshdJ  Gs;sp C  f;F  mUfpy;  cs;sjhy; E -

ur
I  tpl

E +

ur
typikahdJ.  vdNt>E -

ur
ntf;lhpd;  ePsj;ijtpl E +

ur
ntf;lhpd;  ePsk;  mjpfkhdjhf

tiuag;gl;Ls;sJ.

Gs;sp Cy;  cUthFk;  nkhj;j  kpd;Gyj;ijf;  fzf;fpl  kpd;Gyq;fspd;  Nkw;nghUe;Jjy;
jj;Jtk; gad;gLj;jg;gLfpwJ.

-q itf; fhl;bYk;  +q kpd;Jfs; Gs;sp C f;F mUfpy; ,Ug;gjhy; nkhj;j kpd;Gyj;jpd;

jpirAk; Ed; jpirapNyNa mike;Js;sJ. totE ntf;lhpd; jpir Fwpg;gplg;gl;Ls;sJ.

kpd; ,UKidapypUe;J Gs;sp C ntF njhiytpy; ,Ue;jhy; (r>>a), NkYk; (r2  – a)2 »
r4vdyhk;. ,ij rkd;ghL y; gpujpapl>
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ehk;  Njh;T  nra;Ak;  Gs;sp  (C)  kpd;  ,UKidf;F  ,lJGwk;  ,Ue;jhYk;l>  nkhj;j

kpd;Gyj;jpd;  jpir p
ur
d; jpirapy;  jhd; mikAk;.  nfhLf;fg;gl;Ls;s kpd;  ,UKidapd;

kpd;Gyf; NfhLfis Muha;tjd; %yk; ,ij ehk; mwpayhk;.
Neh;T (2) kpd; ,UKidapd; eLtiuj; jsj;jpYs;s Gs;spapy; kpd;Gyk;

kpd;  ,UKidapd;  eLg;Gs;sp O tpypUe;J r  njhiytpy;  eLtiuj;  jsj;jpy;  mike;j

Gs;sp C  If;  fUJNthk;. +q kw;Wk; -q ,uz;bypUe;Jk;  Gs;sp C  rk  njhiytpy;

cs;sjhy;  mtw;wpdhy;  cUthFk;  kpd;Gyq;fspd;  vz;  kjpg;G  rkkhFk;. E +

ur
,d;  jpir

BC ,d;  jpirapYk; E -

ur
,d;  jpir CA topahfTk;  nray;gLk;. E +

ur
kw;Wk; E -

ur
,tw;iw

,U  $Wfshfg;  gFg;Nghk;.  xU  $W  ,UKid  mr;Rf;F  ,izahfTk;  kw;nwhd;W

mjw;Ff;  nrq;Fj;jhfTk;  ,Uf;Fk;.  nrq;Fj;Jf;  $Wfshd sinE q+

ur
kw;Wk;

sinE q-

ur
Mfpait xd;Wf;nfhd;W vjph;j;jpirapy; cs;sjhy;> mit xd;iwnahd;W rkd;

nra;J  nfhs;fpd;wd.  vdNt  Gs;sp Cy;  Vw;gLk;  nkhj;j  kpd;Gyj;jpd;  vz;kjpg;ghdJ

E +

ur
kw;Wk; E -

ur
Mfpatw;wpd;  ,izf;$Wfspd;  $LjYf;Fr;  rkkhfTk; - �pd;  jpirapYk;

,Uf;Fk;.

E +

ur
kw;Wk; E -

ur
 d; vz; kjpg;G rkk;. mjhtJ>

rkd;ghL (1.8)y; gpujpapl
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kpf mjpf njhiyTfSf;F (r >> a)> rkd;ghL (1.20)Ig; gpd;tUkhW vOjyhk;.

Kf;fpanjupTfs;

1. kpd; ,UKidapypUe;J kpf mjpf njhiyTfspYs;s Gs;spfisg; nghUj;jtiu
mr;Rf;Nfhl;by;  cUthFk;  kpd;Gyj;jpd;  typikahdJ  eLtiuj;  jsj;jpy;
cUthFk;  kpd;Gyj;jpd;  typikiag;  Nghy;  ,Uklq;fhf  ,Uf;Fk;  vd;gij
rkd;ghLfs;  (1.17)  kw;Wk;  (1.21)  %yk;  mwpfpNwhk;.  kpd;  ,UKidapd;  mr;Rf;
Nfhl;bYs;s  Gs;spfspy;  kpd;,UKidahy;  cUthFk;  kpd;Gyj;jpd;  jpir

,UKid  jpUg;Gj;jpwd; P
ur

 ntf;lupd;  jpirapYk;  eLtiuj;  jsj;jpYs;s

Gs;spfspy;  mjw;F  vjpu;j;jpirapy;>  mjhtJ P-
ur

 ntf;lhpd;  jpirapYk;
mikfpwJ.

2. kpf  mjpfkhd  njhiyTfisg;  nghUj;jtiu>  ,UKidapd;  kpd;Gyk; 3
1
r

vd;w

mstpy;  khWfpwJ.  mNj  rkak;  xU  Gs;sp  kpd;Jfspd;  kpd;Gyk; 2
1
r

vd;wthW

khWtij  epidtpy;  nfhs;sTk;.  Gs;sp  kpd;Jfspd;  kpd;Gyj;ij  tpl  ,U
Kidapd;  kpd;Gyk;  Ntykhf  Rop  kjpg;ig  Nehf;fpr;  nry;fpwJ  vd;gij  ,J
fhl;LfpwJ.  Vnddpy;>  kpf  mjpf  njhiyTfspy;  ,Ue;J  ghh;f;Fk;NghJ>
,UKidapd;  ,U kpd;Jfs;fSk;  xd;Wf;nfhd;W neUf;fkhf cs;sijg;  Nghy;
Njhd;Wtjhy;> ,uz;bd; kpd;GyKk; xd;iwnahd;W rkd;nra;J nfhs;fpd;wd.

3. rkd;ghL kw;Wk; Mfpait kpf mjpf njhiyTfSf;F (r>>a) kl;LNk nghUe;Jk;.
kpd;Jfs;fSf;F  ,ilNaahd  njhiyT 2a  Ropnay;iy  kjpg;igAk; (2a  →  0)
kpd;Jfs; q  Kbtpyh  kjpg;igAk;  mile;jhy;>(q  → ∞) mtw;wpd;  ngUf;fw;gyd;

2aq  MdJtuk;gpw;Fl;gl;l  kjpg;igg;;  ngWk;.  Mj;jifa  ,UKidahdJ  Gs;sp

,UKid (point  dipole)  vd;g;gLk;.  Gs;sp  ,UKidfisg;  nghUj;jtiu
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midj;J  njhiyTfSf;FNk  rkd;ghLfs;  (1.17)  kw;Wk;  (1.21)  Mfpait
nghUe;Jk;.

rPuhd kpd;Gyj;jpy; itf;fg;gl;Ls;s kpd; ,UKid kPJ nray;gLk; jpUg;G tpir
rk ,ilntspapy; xNu jpirapyike;j kpd;Gyf; NfhLfspdhy; Fwpf;fg;gLk; rPuhd

kpd;Gyk; E
ur
xd;wpy;  itf;fg;gl;Ls;s  ,UKid  jpUg;Gj;jpwd; P

ur
nfhz;l  kpd;  ,UKid

xd;iwf; fUJNthk;. q+  kpd;JfshdJ kpd;Gyj;jpd; jpirapy; qE
ur
vd;w tpiriaAk;> q-

kpd;JfshdJ  Gyj;jpw;F  vjpu;j;jpirapy; qE-
ur
vd;w  tpiriaAk;  czu;fpd;wd.  Gw

kpd;Gyk; E
ur
rPuhfcs;sikahy; ,UKidapd;kPjhdnkhj;j  tpirRopahFk;.,t;tpuz;L

tpirfSk; ntt;NtW Gs;spfspy; nray;gLtjhy; ,ul;il cUthfpwJ mjdhy; Vw;gLk;
jpUg;G  tpir  kpd;  ,UKidapd;  kPJ  nray;gl;L  mij  Royr;  nra;fpwJ.  (rPuhd
kpd;Gyj;jpd;  kpd;Gyf;  NfhLfs;  rk  ,ilntsp  tpl;Lk;  xNu  jpirapYk;  cs;sijf;
ftdpf;fTk;).

nkhj;jj;  jpUg;G  tpirahdJ  ,j;jhspd;  jsj;jpw;Ff;  nrq;Fj;jhfTk;  cs;Nehf;fpa
jpirapYk;  cs;sij  tyf;ifj;  jpUFtpjpapd;  mbg;gilapy;  (fhz;f 1+ ,aw;gpay;
njhFjp 1> myF5) mwpa KbAk;.

nkhj;j jpUg;Gtpirapd; vz;kjpg;G

,q;Fq vd;gJ P
ur
kw;Wk; E

ur
f;F  ,ilg;gl;l  Nfhzk;.  NkYk; 2p aq= . vdNt  ntf;lu;

ngUf;fy; mbg;gilapy; jpUg;G tpirahdJ gpd;tUkhW vOjg;gLfpwJ.

,j;jpUg;Gtpirapd; vz;kjpg;G t sin ;pE q= 90q = oMFk;NghJ> mJ ngUk kjpg;ig

milAk;.

,e;jj; jpUg;G tpirahdJ kpd; ,UKidiar; Royr; nra;J kpd;Gyj;jpd;

( )E
uuur

jpirapy;  mij xUq;fikar;  nra;fpwJ.  kpd;Gyj;Jld; ( )E
uuur

jpirapy;  mij

xUq;fikar;  nra;fpwJ.  kpd;Gyj;Jld; ( )E
uuur

jpUg;Gj;jpwd; ( )P
uuur

xUq;fike;j  gpd;>

,UKidapd; kPJ nray;gLk; nkhj;j jpUg;Gtpir RopahFk;. kpd;Gyk; rPuw;wjhf
,Ue;jhy; q+ d;  kPjhd  tpirAk; q- d;  kPjhd  tpirAk; q- d;  kPjhd  tpirAk;

ntt;Ntwhf ,Uf;Fk;. tpir ntt;Ntwhf ,Uf;Fk;.,e;epiyapy; jpUg;G tpirAld;
epfu tpir xd;Wk; ,UKidapd; kPJ nray;gLk;

vLj;Jf;fhl;L

4 13 10 NC´ typik nfhz;l rPuhd kpd;Gyj;jpy; HCI thA %yf;$Wfs; itf;fg;gLfpwJ.

HCI  %yf;$wpd;  kpd;  ,UKid  jpUg;Gj;jpwd; 303.4 10-´ Cm vdpy;  xU  HCI
%yf;$wpd; kPJ nray;gLk; ngUk jpUg;G tpiriaf; fzf;fpLf.
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jPu;T
Gw kpd;Gyj;jpw;Ff; nrq;Fj;jhf cs;s epiyapy; ,UKidapd; kPJ ngUk jpUg;G tpir
nray;gLk;

 30 4
max  = pEsin 90 3.4 10 3 10 Nm-= ´ ´ ´o

 26
max 10.2 10 Nm-= ´

epiy kpd;dOj;jKk; kpd;dOj;j Mw;wYk;

mwpKfk;
,af;ftpaypy;  Mw;wy;  khw;wh  tpirfspdhy;  cUthFk;  epiy  Mw;wy;

tiuaWf;fg;gLfpwJ.  <u;g;G  epiy  Mw;wy;  tiuaWf;fg;gl;lJ.  <u;g;G  tpir  xU  Mw;wy;

khw;wh  tpir  vd;gjhy;  <ug;G  epiy  Mw;wy;  tiuaWf;fg;gl;lJ (=1  ,aw;gpay;>myF6)
epidtpUf;fyhk;.  $Y}k;  tpir  Xu; ‘vjpu;j;jfT-  ,Ujkb-  tpjp’apd;  gb  nray;gLk;
tpirahjyhy;  <u;g;G  tpiriag;  Nghy  mJTk;  xU  Mw;wy;  khw;wh  tpirNa.  vdNt
kpd;Jfs;fshy;  Md  fl;likg;GfSf;F  ehk;  epiy  Mw;wiy  (kpd;dOj;j  Mw;wiy)
tiuaiw nra;a KbAk;.

epiy kpd;dOj;j Mw;wYk; epiy kpd;dOj;jKk;

jd;idr;Rw;wp  kpd;Gyk; E
ur
I  cUthf;Fk;>  Mjpg;Gs;spapy;  itf;fg;gl;Ls;s  Neu;

kpd;Jfs; qIf;  fUJNthk;.  mjw;Fk;  Nrhjid  kpd;Jfs; q’f;Fk;  ,ilNa  epyTk;

tpyf;F tpirf;F vjpuhf Gs;sp R ypUe;J Gs;sp Pf;F q’ vLj;Jtug;gLfpwJ. (glk;1.22).
,g;gb vLj;J tUtjw;F ,t;tpyf;F tpirf;F vjpuhf Ntiy nra;ag;gl Ntz;Lk;. ,e;j
NtiyNa epiy Mw;wyhf (kpd;dOj;j Mw;wyhf) Nrkpf;fg;gLfpwJ.

Nrhjid  kpd;Jfs; q’MdJ Gs;sp  RypUe;J  Gs;sp Pf;F  rPuhd  jpirNtfj;jpy;
efu;j;jg;gl  Ntz;Lk;  vd;why;  mjd;kPJ  nray;gLk;  Gw  tpirahdJ  $Y}k;  tpirf;F
rkkhfTk; mjw;F vjpu;j;jpirapYk; nrYj;jg;gl;l Ntz;Lk;.

( )extF Fcoulomb= -
uuur ur

vdNt nra;ag;gl;l Ntiy

$Y}k; tpir xU Mw;wy; khw;wh tpir vd;gjhy; nra;ag;gLk; NtiyahdJ efu;j;jg;gl;l
ghijiar; rhu;e;jpuhky; Nrhjid kpd;Jfspd; njhlf;f kw;Wk; ,Wjp epiyfisNa

rhu;e;J ,Uf;Fk;. Gs;spP ,y; kpd;Jfs; q’d; epiykpd;dOj;j Mw;wy; UpvdTk;> Gs;sp

Ry; mij URvdTk; itf;fTk;. vdpy; kpd;dOj;j Mw;wypd; NtWghlhdJ Gs;sp

cq;fSf;F njhpAkh

kPd;  ,UKidapd;  kPJ  nray;gLk;  jpUg;G  tpir  vd;w  jj;Jtj;jpd;  mbg;gilapy;
Ez;ziy mLg;G (microwave over) nray;gLfpwJ. ehk; cz;Zk; cztpy; cs;s ePu;
%yf;$Wfs;  epiyj;j  kpd;  ,UKidfs;  vd;gij  mwpNthk;.  ,t;tLg;G  cUthf;Fk;
Ez;ziyfs;>  miyTWk;  kpd;fhe;jg;  Gyq;fNs  MFk;.  Mjyhy;  mit  ePu;%yf;$Wfspd;
kPJ  jpUg;G  tpiria  nray;gLtjhy;  mit  kpf  Ntfkhf  Row;wg;gLfpd;wd.  mjpypUe;J
ntg;g  Mw;wy;  cUthf;fg;gLfpwJ.  ,t;thW  cUthFk;  ntg;gj;jpdhy;  czT
#lhf;fg;gLfpwJ.
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RypUe;J Gs;sp Pf;F Nrhjid kpd;Jfis efu;j;jr; nra;a;g;gLk; Ntiyf;Fr; rkk;.
mjhtJ

ΔU = UP – UR = W
P

e x t
R

U F d rD = ò
u u ur u ur

,q;F 'ext coloumbF F q E= - = -
uuur uuuuuur ur

( ) ( )' . ' ' .
P P

R R

U q E dr q q E drD = - = -ò ò
ur uur ur uur

XuyF kpd;D}l;lj;jpw;fhd epiykpd;dOj;j Mw;wy; NtWghL

( )' .
U .

q ' '

P

P
R

R

q E d r
E d r

q

-
D

= = -
ò

ò

ur u ur

ur u ur

,r;rkd;ghL  (1.29) q’Ir;  rhu;e;jjy;y.  ,e;j  ,aw;gpay;  msT
'

U
q

D
.

'

P

R

U E dr
q

D
= -ò

uuruur
vd;gJ

Pkw;Wk; Rf;F  ,ilNaahd kpd;dOj;j  NtWghL  vd;W  miof;fg;gLfpwJ;NkYk;  ,ij

VP- VR = D V vd;W Fwpg;Nghk;. ,ijg; gpd;tUkhWk; ehk; tiuaWf;fyhk;. Gs;sp RypUe;J
Gs;sp Pf;F  XuyF  Neu;  kpd;D}l;lk;  nfhz;l  kpd;Jfs;  xd;iw  vLj;J  tu>
Gwtpirapdhy; nra;ag;gLk; Ntiy vd;Wk; kpd;dOj;j NtWghL tiuaWf;fg;gLfpwJ.

Vp-VR= .
P

R

v E drD = -ò
uuruur

epiy  kpd;dOj;j  Mw;wy;  NtWghl;ilg;  gpd;tUkhW  vOjyhk;. ΔU=q’ΔV. ,U
Gs;spfSf;F ,ilNaahd kpd;dOj;j NtWghL vd;gNj gad;glf;$ba Xu; mstPlhFk;.

khwhf> XU Gs;spf;fhd kpd;dOj;j kjpg;G vd;gJ mu;j;jk; ,y;yhjJ. vdNt Gs;sp RI
Kbtpyhj;  njhiytpy;  cs;sjhfTk;  mjd;  kpd;dOj;j  kjpg;ig  Rop  vdTk;

nfhs;Nthk;(V∞=O) vdpy;>  xU  Gs;spapy; (P)kpd;dOj;jk;  vd;gJ  Gw  kpd;Gyk;

( )E
ur

nray;gLk;  gFjpapy  Kbtpyhj;  njhiytpypUe;J  mg;Gs;spf;F(P)  xuyF

Neu;kpd;D}l;lk;  nfhz;l  kpd;Jfis  rPuhd  jpirNtfj;Jld;  nfhz;Ltu  Gw  tpir
xd;wpdhy; nra;ag;gLk; Ntiyf;F rkkhFk;.fzpj tbtpy; ,ijNa> vd;Wk; vOjyhk;.

.
P

PV E d r
¥

= - ò
ur uur

Kf;fpakhd fUj;Jf;fs;

1.xU Gs;spapy; cs;s kpd;dOj;jkhdJ %ykpd;Jfs; q tpdhy; cUthFk; kpd;Gyj;ij

kl;LNk  rhu;e;jJ.  mk;kpd;Gyk;  Nrhjid  kpd;Jfshy;(q’)  cUthtJ  md;W.  Kbtpyhj;

njhiytpypUe;J  Gs;sp Pf;F  xuyF  kpd;D}l;lk;  nfhz;l  Neu;  kpd;Jfis  rPuhd
jpirNtfj;Jld;  nfhz;L  tu  Ntz;Lk;.  Vnddpy;>  mijr;  nra;Ak;  Gw  vt;tpj  ,af;f
Mw;wYk; mspf;fg;gl;lf; $lhJ.
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2.  kpd;dOj;jj;jpd;  myF>  rkd;ghL(1.29)  gb>  [Py;/$Y}k;  (JC-1)  vdpDk;  mjd;

eilKiw myF Nthy;l; (V); ,J kpd;fyid Kjd;Kjypy; cUthf;fpa myrhz;l;Nuh
Nthy;lh  (1745-1827)  vd;ghupd;  epidthy;  #l;lg;gl;l  myfhFk;.  ,U  Gs;spfSf;F

,ilNaahd  kpd;dOj;j  NtWghlhdJ  kpd;dOj;j  mstpdhy; (Voltage)
Fwpg;gplg;gLfpwJ.

Gs;sp kpd;Jfshy; cUthFk; kpd;dOj;jk;

Mjpg;Gs;spapy;  epiyahf  itf;fg;gl;Ls;s q  kpd;D}l;l  kjpg;G  nfhz;l  Neu;  kpd;Jfs;

xd;iwf; fUjTk;. Gs;sp P mjpypUe;Jr njhiytpy; cs;sJ

Gs;spPy; kpd;dOj;jk;

( ). .
r r

V E dr E dr
¥ ¥

= - = -ò ò
ur uur ur uur

Gs;sp Neu; kpd;Jfs; q tpdhy; cUthFk; kpd;Gyk;

2
0

1
4

r qE r
rpe ¥

= ò
ur

$

2
0

1 .
4

qV r dr
rpe

=
uur

$

kPr;rpW ,lg;ngau;r;rp ntf;lu; dr drr=
uur

$ , kw;Wk; . 1.r r =$ $ vdNt

2 2

1 1.
4 4

r r

o o

q qV r drr dr
r rpe pe¥ ¥

= = -ò ò$ $

njhifaplYf;Fg; gpd;>

1 1 1
4 4

r

o o

qV q
r rpe pe¥

ì ü= - - =í ý
î þ

MfNt> Gs;sp kpd;Jfspdhy; r njhiytpy; Vw;gLk; kpd;dOj;jk;

Kf;fpa Fwpg;Gfs;

(i)  %y  kpd;Jfs; qNeu;f;Fwp  cilaJ  vdpy;>V>0.  %y  kpd;Jfs; q  vjpu;f;Fwp

nfhz;lJ vdpy; V-Ak; vjpu;f;Fwp nfhz;bUf;Fk;.
NkYk;

1
4 o

qV
rpe

=

(ii)  kpd;D}l;lk;  ngw;w)  nghUs;fspd;  ,af;fj;ij  tpsf;Ftjw;F  Gyk;  vd;fpw
fUj;jhf;fj;ijg; gad;gLj;Jtij tpl kpd;dOj;jk; my;yJ kpd;dOj;j Mw;wy; vd;fpw
fUj;jhf;fj;ijg; gad;gLj;JtJ vspikahdJ.

(iii) njhiyT mjpfupf;Fk;NghJ Neu;  kpd;Jfspdhy;  cUthFk;  kpd;dOj;jk;  FiwfpwJ
vd;gij  rkd;ghL  %yk;  mwpayhk;.  mNj  rkak;>  vjpu;  kpd;Jfis  nghUj;jtiu>
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njhiyT  mjpfupf;Fk;NghJ  kpd;dOj;jKk;  mjpfupf;fpwJ.  Kbtpyhj;  njhiytpy;

( )r = ¥ epiy kpd;dOj;jk; Rop (V=0) MFk;.

<u;g;Gg;  Gyj;ijg;  nghUj;jtiu  cau;  <u;g;G  mOj;jg;  Gs;spapypUe;J  jho;T  <u;g;G
mOj;jk; nfhz;l Gs;spf;F epiwahdJ efu;fpwJ. mNjNghy;> mjpf epiy kpd;dOj;jk;
nfhz;l  Gs;spapypUe;J  Fiwe;j  epiy  kpd;dOj;jk;  nfhz;l  Gs;spf;F  xU  Neu;
kpd;Jfs;  efu;fpwJ.  Mdhy;>  vjpu;kpd;JfNsh  Fiwe;j  epiy  kpd;dOj;jj;jpy;  ,Ue;J
mjpf  epiy  kpd;dOj;jj;jpy;  ,Ue;J  mjpf  epiy  kpd;dOj;jj;jpw;F  efu;fpd;wJ.  ,e;j
xg;gPLfs; glk;1.24y; fhl;lg;gl;Ls;sd.

(iv) q1,q2,q3….qn  Mfpa  gy  kpd;Jfs;fs;  mlq;fpa  mikg;gpdhy;  xU  Gs;spapy; (P)
cUthFk;  kpd;dOj;jkhdJ  jdpj;jdp  kpd;Jfs;fshy;  Vw;gLk;  kpd;dOj;jq;fspd;
$LjYf;Fr; rkkhFk.;

glk;1.24 kpd;dOj;jj;ijg; nghUj;J kpd;Jfs;fspd; efu;T

2 2 3

1 2 3

1
0

.....

1....
4

tot

nn i
i

n i

kq kq kqV
r r r

kq q
r rpe =

= + + +

+ = å
 (1.34)

,q;F r1,r2r,3….rn Mfpait Gs;sp P apypUe;J kpd;Jfs;fs; q1,q2,q3….. qn Mfpatw;wpd;
njhiyTfs;(glk; 1.25).

vLj;Jf;fhl;L 1.12

(m) gpd;tUk; glj;jpy;> P kw;W Q Gs;spfspy; fhzg;gLk; kpd;dOj;jj;ijf; fzf;fpLf.

(M)  mjpYs;s +9 µCkpd;JfSf;F  gjpyhf  -9 µC itf;fg;gl;lhy;> P  kw;Wk; Q
Gs;spfspy; epiy kpd;dOj;jj;ijf; fhz;f?

(,)  Kbtpyhj;  njhiytpypUe;J  Gs;sp Qf;F>+2µC kjpg;G  nfhz;l  Nrhjid kpd;Jfs;

xd;iwf; nfhz;L tu nra;ag;gl Ntz;ba Ntiyiaf; fz;f;fpLf.(+9µC Mjpg;Gs;spapy;

epiyahf  itf;fg;gl;Ls;sJ  vd;Wk; +2µC kpd;Jfs;  Kbtpyhj;  njhiytpypUe;J
Gs;spf;F efu;j;jg;gLfpwJ vd vLj;Jf; nfhs;sTk;.)

jPu;T
(m) Gs;sp Py; cUthFk; kpd;dOj;jk;

9 6
3

0

1 9 10 9 10 8.1 10
4 10P

P

qV
rpe

-´ ´ ´
= = = ´

Gs;sp Qy; Vw;gLk; kpd;dOj;jk;
9 6

3

0

1 9 10 9 10 5.06 10
4 16Q

Q

qV V
rpe

-´ ´ ´
= = = ´

,q;F>  Gs;sp Pd;  kpd;dOj;jj;ij tpl  Gs;sp  Qd;  kpd;dOj;jk;  Fiwthf cs;sijf;

ftdpf;fTk;.  MfNt> xU Neu;  kpd;Jfis Gs;sp P y; itj;jhy;  mJ Q it Nehf;fp

efUk;.  khwhf  xU vjpu;  kpd;Jfis Gs;sp P ,y;  itj;jhy;  mJ +9 µC kpd;Jfis
Nehf;fp efUk;.

Gs;sp P kw;Wk; Q f;F ,ilapyhd kpd;dOj;j NtWghL
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ΔV=VP-VQ = +3.04 ×103 V

(M) +9 µCkpd;JfSf;F gjpyhf -9µCkpd;Jfis itj;jhy;>  mg;Gs;spfspy;  cUthFk;

kpd;dOj;jq;fs; KiwNa>

VP= -8.1×103 V, VQ = -5.06×103V

,q;F  Gs;sp  Pd;  kpd;dOj;jj;ij tpl  Gs;sp Qd;  kpd;dOj;jk;  mjpfkhf  cs;sijf;
ftdpf;fTk;.

Gs;sp Pkw;Wk; Gs;sp Qf;F ,ilNaahd kpd;dOj;j NtWghL

ΔV = VP –VQ =-3.04×103V

(,) kpd;Jfs; xd;wpdhy; xU Gs;spapy; cUthFk; kpd;dOj;jkhdJ XuyF kpd;D}l;lk;
nfhz;l  Neu;kpd;Jfis  Kbtpyhj;  njhiytpypUe;J  mg;Gs;spf;F  vLj;Jtu>  Gw

tpirapdhy;  nra;ag;gl;l  Ntiyf;Fr;  rkkhFk;.  vdNt q kpd;D}l;lk;  nfhz;l Jfis
Kbtpyhj; njhiytpypUe;J mg;Gs;spf;F vLj;J tur; nra;ag;gLk; NTiy>

W=qV

WQ =2×10-6×5.06×103 J =10.12×10-3 J.

vLj;Jf;fhl;L 1.13
+qkpd;D}l;lk;  nfhz;l  Neu;kpd;Jfs;  Mjpg;Gs;spapy;  itf;fg;gl;Ls;sJ.

mjpypUe;J9mnjhiytpy;  ,d;ndhU  Gs;sp  kpd;Jfs;-2q itf;fg;gl;Ls;sJ.
,k;kpd;Jfs;fSf;F ,ilapy; kpd;dOj;jk; Ropahf cs;s Gs;spiaf; fz;Lgpbf;fTk;.

jPu;T

Nkw;nghUe;Jjy;  jj;Jtj;jpd;gb>  xU  Gs;spapy;  cUthFk;  nkhj;j  kpd;dOj;jkhdJ
jdpj;jdp kpd;Jfs;fshy; mg;Gs;spapy; Vw;gLk; kpd;dOj;jq;fspd; $LjYf;Fr; rkk;.

nkhj;j  kpd;dOj;j  kjpg;G  RopahFk;  Gs;sp +q  kpd;JfspypUe;J x  njhiytpy;
cs;sjhff; fUjTk; (glk;)

Gs;sp P y; nkhj;j kpd;dOj;jk; Rop. ,ijg; gpd;tUkhW vOjyhk;.

( )
1 2 0

4 9tot
o

q qV
x xpe

é ù
= - =ê ú-ë û

( )
2

9
q q
x x

=
-

my;yJ
( )

1 2
9

q
x x

=
-

vdNt>x= 3m

kpd; ,UKidahy; xU Gs;spapy; Vw;gLk; epiy kpd;dOj;jk;
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glk;  1.26  ,y;  fhl;bAs;sthW  2a  vd;w  rpwpa  ,ilntspapy;  gpupf;fg;gl;Ls;s  ,U

rkkhd>  Ntwpd  kpd;Jfs;fisf;  fUJNthk;.  kpd;  ,UKidapd;  eLg;Gs;spypUe;J r
njhiytpy; P  vd;w  Gs;sp  cs;sJ. AB  vd;w  ,UKid  mr;Rf;Fk; OP  vd;w
Nfhl;bw;Fk; ,ilNTs;s Nfhzk; q  vd;f.
+q tpypUe;J Gs;sp P d; njhiyT r1 vdTk; -q tpypUe;J Gs;sp P d; njhiyT r2
vdTk; nfhs;f.

+q kpd;Jfspdhy; Gs;sp Py; cUthFk;

kpd;dOj;jk;=
1

1
4

q
o rpe

-q kpd;Jfspdhy; Gs;sp Py; cUthFk;

kpd;dOj;jk; =
2

1
4

q
o rpe

Gs;sp Py; cUthFk; nkhj;j kpd;dOj;jk;>

1 2

1 1 1
4

V q
o r rpe

é ù
= ê ú

ë û

kpd;  ,UKidapypUe;J  ntF  njhiytpy;  Gs;sp P  ,Ug;gpd;.a<<r.  vdNt  rkd;ghLk;

(1.35) Ird; rhu;gp;y; vOjyhk;.

BOPKf;Nfhzj;jpy; nfhird; tpjpiag; gad;gLj;j.

2 2 2
1

2
2 2

1 2

2 cos

21 cos

r r a ra

a ar r
r r

q

q

= + -

é ù
= + -ê ú

ë û

Gs;sp P kpd; ,UKidapypUe;J ntF njhiytpy; cs;sjhy; a << r. ,jdhy;
2

2

a
r

,d;

kjpg;G kpfTk; rpwpaJ. vdNt mijg; Gwf;fzpf;fyhk;. MfNt>

2 2
1

cos1 2r r a
r

qé ù= -ê úë û

(my;yJ)

1
2

1
21 cosar r
r

qé ù= -ê úë û
1
2

1

1 1 21 cosa
r r r

qé ù= -ê úë û

1a
r
� Mjyhy;><UWg;Gj;  Njw;wj;ijg;  gad;gLj;jp  cau;  mLf;Ffisg;  Gwf;fzpj;J

vOjpdhy;>

1 1 1 cosa
r r r

qé ù= +ê úë û

,NjNghy; AOP Kf;Nfhzj;jpw;F nfhird; tpjpiag; gad;gLj;j>
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r22 =r2+a2 -2ra cos (180- q )
cos (180-q ) = -cos q . Mjyhy;

r22= r2+ a2 +2ra cos q
2

2
a
r

Ig; Gwf;fzpf;f

2 2
2

1
22

2 cos1

2 cos1

ar r
r

ar r
r

q

q

é ù= +ê úë û

é ù= +ê úë û
<UWg;Gj; Njw;wj;ijg; gad;gLj;jpdhy;>

2

1 1 cos1 a
r r r

qé ù= -ê úë û
rkd;ghL (1.35) kw;Wk; (1.36) Mfpatw;iw rkd;ghL (1.35)y; gpujpapl

1 cos cos 1 cos1 1 1
4

qV q a a a
o r r r r r

q q q
pe

æ öæ ö æ ö= + - + - -ç ÷÷ ç ÷ç
ø è øèè ø

1 cos cos1 1
4

qV a a
o r r r

q q
pe

æ öæ ö= + - +ç ÷÷ç
øèè ø

2
1 2 cos

4
aqV

o r
q

pe
=

kpd; ,UKidapd; jpUg;Gj;jpwd; P= 2qa.vdNt>

2

1 cos
4

PV
o r

q
pe

æ ö= ç ÷
è ø

P  cosq = .P r
ur

$ vd  vOjyhk;.  ,q;F r$ vd;g  JGs;sp O  tpypUe;J  Gs;sp P  I  Nehf;fp
cs;s  XuyF  ntf;luhFk;.  vdNt>  kpd;  ,UKidahy;  xU  Gs;spapy;  cUthFk;
kpd;dOj;jk;

2

1 .
4

P rV
o rpe

=
uur

$
(r>>a) (1.38)

kpd; ,UKidapd; msit xg;gpLk;NghJ kpf mjpfkhfTs;s njhiyTfSf;F rkd;ghL
(1.38) nghUe;Jk;. Gs;sp ,UKidf;F ve;jj; njhiytpw;Fk; rkd;ghL (1.38) nghUe;Jk;.

rpwg;G Neu;Tfs;

Neu;T (i)  ,UKidapd;  mr;Rf;Nfhl;by; +q kpd;Jfs;  cs;s  gf;fj;jpy;  Gs;sp P
,Ue;jhy; 00 .q = mg;NghJ kpd;dOj;jk;

2
1

4
PV

o rpe
=

Neu;T (ii) ,UKidapd;  mr;Rf;Nfhl;by; -q  kpd;Jfs;  cs;s  gf;fj;jpy;  Gs;sp P
,Ue;jhy; 0180 .q = vdNt

2
1

4
PV

o rpe
=
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Neu;T (iii) ,UKidapd; eLtiuf;Nfhl;by; Gs;sp P ,Ue;jhy;> 090 .q = vdNt

V O=

Kf;fpa fUj;Jfs;

(i)  kpd;  ,UKidapd;  kpd;dOj;jk; 2
1
r  vd;wthW  Fiwfpd;wJ; mNj  rkak;  Gs;sp

kpd;Jfspd; kpd;dOj;jk;
1
r
vd;wthW Fiwfpd;wJ. vdNt xU Gs;sp kpd;Jfistpl kpd;

,UKidapd;  Vndd;why;  kpd;  ,UKidapd;  kpd;dOj;jk;  Ntfkhff;
Fiwfpd;wJ.Vndd;why; kpd; ,UKidapypUe;J njhiyT mjpfupf;Fk; NghJ Neu; kw;Wk;
vjpu;  kpd;Jfs;fspd;  NghJ Neu;  kw;Wk;  vjpu;  kpd;Jfs;fspd;  tpisTfs; xd;iwnahd;W
rkd;nra;J nfhs;fpd;wd.

(ii) Gs;sp  kpd;Jfs;  xd;wpd;  kpd;dOj;jk;  njhiyT rIg;  nghUj;;J  kl;Lk;

cs;sikahy;>V MdJ Nfhsr; rkr;rPu; jd;ik nfhz;Ls;sJ. Mdhy; kpd; ,UKidapd;

kpd;dOj;jk; P
ur
kw;Wk;  Gs;spapd;  epiy  ntf;lu; r

r
  Mfpatw;Wf;F  ,ilg;gl;l

Nfhzj;ijr;  rhu;e;J  ,Ug;gjhy;  kpd;  ,UKidapd;  kpd;dOj;jpw;JF  Nfhsr;  rkr;rPu;
jd;ik  ,y;iy.  ,Ug;gpDk;>  ,UKidapd;  kpd;dOj;jkhdJ  mjd;  mr;irg;  nghUj;J

rkr;rPu;  jd;ikAld; cs;sJ. Nfhzj;ij ( )q  khw;whky;> P
ur
 ntf;liug; nghUj;J epiy

ntf;lu; r
r
Ir;  Row;wr;  nra;jhy;  fpilf;Fk;  $k;gpYs;s  midj;J  Gs;spfSk;  xNu

njhiytpy;  miktjhy;  xNu  kpd;dOj;jk;  cilad  (glk;  1.27).  ,g;glj;jpy;  ePyepw
tisNfhl;by; cs;s midj;J Gs;spfSk; XNu kpd;dOj;jk; cilad.

rk kpd;dOj;jg; gug;G

Gwntspapy;  xU Gs;spapy;  itf;fg;gl;Ls;s Gs;sp  kpd;Jfs; qit ikakhff;  nfhz;l

rMuKila  fw;gidf;  Nfhsj;ijf;  fUJNthk;.  (m)  ,f;  Nfhsj;jpd;  gug;gpYs;s
midj;J  Gs;spfSk;  xNu  kpd;dOj;jk;  ngw;wpUf;Fk;.  ,j;jifa  gug;gpidNa  rk
kpd;dOj;jg; gug;G vd;fpNwhk;.

xU Gs;sp kpd;Jfspw;F> rk kpd;dOj;jg; gug;Gfshf Xu; ika Nfhsg; gug;Gfs;
cs;sijg; glj;jpy; (1.28 (M)) fhzyhk; xt;nthU Nfhsg; gug;Gk; xU rk kpd;dOj;jg;
gug;Ng  vd;whYk;  xt;nthd;wpd;  kpd;dOj;jg;  gug;Ng  vd;whYk;  xt;nthd;wpd;  kpd;dOj;j
kjpg;Gk; ntt;NtW MFk.;

vd;gij czu;j;JfpwJ. ,e;j Ntiy kpd;dOj;j NtWghl;bw;Fr; rkkhFk;. vdNt>

.dW dV
dW Edx

dVE
dx

=
= -

=

,jpypUe;J>  kpd;GykhdJ  vjpu;f;Fwpaplg;gl;l  kpd;dOj;jr;  rupTf;F  rkk;  vd;whfpwJ.

NkNy  cs;s  rkd;ghL  (1.43) x-  $Wf;F  kl;Lk;  nghUe;Jk;.  kpd;GykhdJ  %d;W
$WfSf;Fk; nghJthf gpd;tUkhW vOjg;gLfpwJ.

$V VE i k
x z

¶ ¶æ ö= - +ç ÷¶ ¶è ø

ur
$

Gs;sp kpd;Jfs; jpushy; cUthFk; epiy kpd;dOj;j Mw;wy;
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q1  Gs;sp  kpd;JfspypUe;J r  njhiytpYs;s  xU  Gs;spapy;  kpd;dOj;jk;  MFk;.

,g;NghJ q2  kpd;Jfis  Kbtpyhj;  njhiytpypUe;J q1f;F r  njhiytpy;  cs;s

Gs;spf;F vLj;Jtu;r; nra;ag;gLk; NtiyahdJ mg;Gs;spapy; kpd;dOj;jk; kw;Wk; q2 ,;d;
ngUf;fw;gyDf;Fr; rkkhFk;. vdNt>

W = q2 V

,e;j nra;ag;gl;l NtiyahdJ r ,il ntspapy; mike;Js;s q1 kw;Wk; q2 kpd;Jfs;

mikg;gpd; epiykpd;dOj;j Mw;wy; UMf Nrkpf;fg;gLfpwJ. MfNt

1 2
2

1
4 o

q qU q V
rpe

= =

,U  kpd;Jfs;fSf;F  ,ilg;gl;l  njhiyit  ,e;j  epiy  kpd;dOj;j  Mw;wyhdJ

rhu;e;Js;sJ. q1  epiyahfTk; q2  it  Kbtpyhj;  njhiytpypUe;J  efu;j;jp  tUtjhf

,Ue;jhYk;>  my;yJ q1  kw;Wk; q2  ,uz;ilANk  Kbtpyhj;  njhiytpypUe;J  efu;j;jp

tUtjhf ,Ue;jhYk;> my;yJ q1kw;Wk; q2 ,uz;ilANk Kbtpyhj; njhiytpypUe;J r
,ilntspapy; itg;gjhf ,Ue;jhYk; rkd;ghL nghUe;Jk;.

%d;W kpd;Jfs;fs; gpd;tUkhWs;s epiyaikg;gpy; itf;fg;gl;Ls;sd (glk; 1.30)

(i) q1  kpd;JfSf;F  mUfpy;  NtW  ve;j  kpd;Jfs;fSk;  njhlf;fj;jpy;  ,y;yhjjhy;

Kbtpyhj; njhiytpypUe;J mij Gs;sp A tiu nfhz;L tu ve;j NtiyAk; nra;aj;
Njitapy;iy.

(ii) q2  kpd;g;Gila  ,uz;lhtJ  kpd;Jfis Gs;sp Bf;F  nfhz;L  tu q1  cUthf;fpa

kpd;Gyj;jpw;F vjpuhf Ntiy nra;ag;gl Ntz;L q2 d; kPJ

nra;ag;gLk;  NtiyW  =q2 B1B.,q;F V1B  vd;gJ  Kjy;  kpd;Jfs; q1My;  Gs;sp By;
Vw;gLk; epiy kpd;dOj;jk;

1 2

12

1
4 o

q qU
rpe

=

q2 it  Kjypy;  nfhz;L  te;J  gpd;du; q1  If;  nfhz;L  te;jhYk;  ,Nj  rkd;ghNl
fpilf;Fk; vd;gijf; ftdpf;fTk;.

(iii)  ,NjNghy;>  %d;whtJ  kpd;Jfs; q3I  Gs;sp Cf;F  nfhz;L  tu q2  kw;Wk; q3
kpdJfs;fs;  Nru;e;J  cUthf;Fk;  nkhj;j  kpd;Gyj;jpw;F  vjpuhf  Ntiy  nra;ag;gl

Ntz;Lk;. vdNt. q3 kpd;Jfis efu;j;jptur; nra;ag;gLk; Ntiy = q3 (V1C + V2C). ,q;F
V1C vd;gJ Kjy; kpd;Jfs; q1 My; Gs;sp Cy; Vw;gLk; epiy kpd;dOj;jk; kw;Wk; V2C

vd;gJ  Vw;gLk;  epiy  kpd;Jfs; q2  y;  Vw;gLk;  epiy  kpd;dOj;jk;  MFk;.  epiy
kpd;dOj;j Mw;wy;

1 3 2 3

13 23

1
4 o

q q q qU
r rpe

æ ö
= +ç ÷

è ø
(iv) rkd;ghLfs;  (1.46)  kw;Wk;  (1.47)  If;  $l;l>q1,q2  kw;Wk; q3  ,tw;whyhd  kpd;Jfs;
mikg;gpdhy; cUthf;fg;gLk; nkhj;j epiy kpd;dOj;j Mw;wy;.
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1 2 1 3 2 3

12 13 23

1
4 o

q q q q q qU
r r rpe

æ ö
= + +ç ÷

è ø

Nrkpf;fg;gLk;  epiy  kpd;dOj;j  Mw;wy; U  MdJ  mk;%d;W  kpd;Jfs;fisAk;
Fwpg;gplg;gl;l  Gs;spfspy;  epiyepWj;jr;  nra;ag;gLk;  Ntiyf;Fr;  rkkhFk;  vd;gijf;
ftdpf;fTk;.  mk;kpd;Jfs;fis  ve;j  vd;gijf;  ftdpf;fTk;.  mk;kpd;Jfs;fis  ve;j
tupirapy; vLj;J te;jhYk; ,Nj rkd;ghNl fpilj;jpUf;Fk;.

$Y}k;  tpir  Xu;  Mw;wy;  khw;wh  tpirahjyhy;>  kpd;Jfs;fspd;  epiyaikg;ig
fl;likf;Fk;NghJ  cUthFk;  epiy  kpd;dOj;j  Mw;wyhdJ  mt;tikg;igf;
fl;likf;Fk; topKiwiar; rhu;e;J ,uhJ.

rPuhd kpd;Gyj;jpy; cs;s ,UKidapd; epiy kpd;dOj;j Mw;wy;

glk;  1.31  y;  nfhLj;Js;sthW  rPuhd  kpd;Gyk; ( )E
ur

 xd;wpy;  itf;fg;gl;Ls;s  kpd;

,UKidiaf;  fUJNthk;.  rPuhd  kpd;Gyj;jpy;  itf;fg;gLk;  ,UKidapd;  kPJ  xU
jpUg;Gtpir  nray;gLk;.  ,j;jpUg;G  tpirahdJ  kpd;Gyj;jpd;  jpirapy;  ,UKidia

xUq;fikwf;fpd;wJ.

kpd;Gyj;jhy;  nrYj;jg;gLk;  ,j;jpUg;G  tpirf;F  vjpuhf  njhlf;ff;  Nfhzk; q ,ypUe;J
,Wjp  Nfhzk; q tiu (khwhj  Nfhzj;  jpirNtfj;Jld;)  ,UKidia Royr;  nra;a>
kpd;Gyj;jhy;  nfhLf;fg;gLk;  jpUg;Gtpirf;F  rkkhdJk;  vjpu;j;jpirapy;  cs;sJkhd
Gwj;jpUg;Gtpir xd;iw ,UKidapd; kPJ nray;gLj;j Ntz;Lk;.

q Nfhzj;jpypUe;J q  Nfhzk;  tiu  (khwhj  Nfhzj;  jpirNtfj;Jld;)
,UKidia Royr; nra;a Gwj;jpUg;G tpirahy; nra;ag;gLk; Ntiy

W=
'

extd
q

q

t qò
E P Et = ´

r ur ur
f;F rkkhfTk; vjph;j;jpirapYk; extt

r
cs;sjhy;>

Eext P Et t= = ´
r r ur ur

W =
'

pE  sin  d
q

q

q qò
W = pE (cosθ' – cosθ)

,e;j  NtiyahdJ Nfhz epiyfs; θkw;Wk; θ' f;F  ,ilNaAs;s  kpd;dOj;j  Mw;wy;
Ntwghl;Lf;Fr; rkkhFk;.

U(θ) – U(θ') = ∆U = -pE cosθ + pE cosθ'
njhlf;ff;  Nfhzk;  vd;Wk;  ,ijNa  Rl;Lg;Gs;spahfTk; (reference  point)
vLj;Jf;nfhz;lhy;

U (θ') = p E cos 90° = 0
vdNt  rPuhd  kpd;Gyj;jpy;  itf;fg;gl;Ls;s  ,UKid  mikg;G  xd;wpy;  Nrkpf;fg;gLk;
kpd;dOj;j Mw;wy;

U = -pE cos θ = .p E
ur ur

p kw;Wk; E  Ij;  jtpu  kpd;dOj;j  Mw;wyhdJ  Gw  kpd;Gyj;ijg;  nghWj;j  kpd;
,UKidapd;  jpiraikg;igAk;  rhh;e;jpUf;Fk;.  Gw  kpd;Gyj;Jf;F  vjphpizahf
( )q p= ,UKidj;  jpUg;Gj;jpwd;  mikAk;NghJ  kpd;dOj;j  Mw;wy;  ngUkkhfTk;
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Gwkpd;Gyj;Jf;F ,izahf (θ = 0°) ,UKidj; jpUg;Gj;jpwd; mikAk; NghJ kpd;dOj;j
Mw;wy; rpWkkhfTk; ,Uf;Fk;.

vLj;Jf;fhl;L:

ePh;  %yf;$W  xd;wpd;  kpd;  ,UKidj;  jpUg;Gj;jpwd; 6.3 × 10-30 cm.  1022ePh;

%yf;$Wfisf;  nfhz;l  khjphp (sample)  xd;wpYs;s  midj;J  ,UKidj;

jpUg;Gj;jpwd;fSk; vz;kjpg;G 3 × 105 NC-1nfhz;l Gw kpd;Gyj;Jld; xUq;fike;Js;sd.

midj;J ePh; %yf;$WfisAk; θ= 0°ypUe;J 90°f;F Royr; nra;a Njitg;gLk; Ntiy
vt;tsT?
jPh;T:

midj;J  ePh;  %yf;$WfSk;  kpd;Gyj;jpd;  jpirapy;  mike;Js;sjhy;>  mit  rpWk

kpd;dOj;j  Mw;wiyg;  ngw;wpUf;Fk;. θ =  0°ypUe;J  90° tiu  ,UKidia  Row;w
nra;ag;gLk; NtiyahdJ ,t;tpU epiyaikg;GfSf;F ,ilNaahd kpd;dOj;j Mw;wy;
NtWghl;Lf;Fr; rkkhFk;.

W = ∆U = U (90°) – U(0°)
rkd;ghL ,ypUe;J>U = -  pE cosθvd vOjyhk;. gpwF xU ePh; %yf;$iw = θ =  0°Kjy;

90° tiu Row;w nra;ag;gLk; Ntiyiaf; fzf;fplyhk;.

W = -p E cos90° + pE cos0° = pE
xU ePh; %yf;$Wf;F

W = 6.3 × 10-30× 3 × 105 = 18.9 × 10-25 J
1022ePh; %yf;$WfSf;F> nra;ag;gLk; nkhj;j Ntiy

Wtot = 18.9 × 10-25× 1022 = 18.9 × 10-3 J
fh]; tpjpAk; mjd; gad;ghLfSk;:

kpd;ghak; (Electric Flux):
kpd;Gyf;  NfhLfSf;Ff;  FWf;Nf  mike;j  Fwpg;gpl;l  gug;G  xd;wpd;  topNa  ghAk;

kpd;Gyf;  NfhLfspd;  vz;zpf;if  kpd;ghak;  vdg;gLk;.  ,ij EF vd;w  fpNuf;f

vOj;jpdhy;  Fwpg;Nghk;.  NkYk;  ,jd;  myF N  m2 C-1. kpd;ghak;  xU  ];Nfyh;  msT
MFk;.  NkYk;  ,J  Neh;f;Fwp  my;yJ  vjph;f;Fwp  kjpg;igg;  ngw;W  ,Uf;Fk;.  kp;d;ghak;
vd;why; vd;d vd;gij vspjpy; Ghpe;J nfhs;s gad;gLk;.

,g;glj;jpy;  Gs;sp  kpd;Jfs;  xd;wpd;  kpd;Gyk;  fhl;lg;gl;Ls;sJ. A  kw;Wk; B  Mfpa
gFjpfspy;  Gyj;jpw;F  nrq;Fj;jhf  mike;Js;s  ,U  rpwpa  nrt;tf –  tbtg;

gug;Gfisf; fUJNthk;. ,t;tpU gug;GfSk; xNu gug;gsitf; nfhz;bUe;jhYk; gFjp A
tpy;  cs;s  nrt;tfj;ijf;  flf;Fk;  kpd;Gyf;  NfhLfspd;  vz;zpf;if  gFjp B  ,y;
cs;s nrt;tfj;ijf;  flf;Fk;  kpd;Gyf;  NfhLfis tpl mjpfkhf cs;sJ. njhiyT
mjpfhpf;Fk; NghJ Gs;sp kpd;Jfs; xd;wpd; kpd;Gy typik Fiwtijg;Nghy; njhiyT
mjpfhpf;Fk;NghJ  mjd;  kpd;ghaKk;  Fiwfpd;wJ.  ,Jtiu  ehk;  ghh;j;j  fUj;Jfs;

kpd;ghaj;ijg;  gw;wpa  xU  gz;Grhh;  vz;zj;ij (Qualitative  idea) cUthf;f  cjTk;.
vdpDk;> kpd;ghaj;jpd; Jy;ypakhd tiuaiw Njitg;gLfpwJ.

rPuhd kPd;Gyj;jpd; kpd;ghak;:
Gwntspapy;  xU  gFjpapy;  epyTk;  rPuhd  kpd;Gyj;ijf;  fUJNthk;.  nfhLj;Js;sgb

kpd;Gyf;  NfhLfSf;Ff;  nrq;Fj;jhf  cs;s  gug;G A  it  vLj;Jf;  nfhs;Nthk;.  ,e;j
Neh;Tf;F kpd;ghak;

E EAF =
rPuhd ,k;kpd;Gyj;jpw;F  ,izahf gug;G A  it itj;jhy;>  mg;gug;gpd;  cs;Ns ghAk;
kpd;Gyf; NfhLfs; RopahFk; ,e;j Neh;tpy; kpd;ghak;.

0EF =
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gug;Gld; θ  Nfhzj;ij  kpd;Gyk;  cUthf;Fk;NghJ  gug;gpw;F  nrq;Fj;jhd  jpirapy;
cs;s  kpd;Gyf;$W  kl;LNk  kpd;ghaj;ij  mspf;fpwJ.  gug;gpw;F  ,izahfTs;s
kpd;Gyf;$W kpd;ghaj;ij mspg;gjpy;iy. ,e;j Neh;tpy; kpd;ghak;

( cos )E E AqF =
,q;F  kpd;Gyj;jpd;  jpirf;Fk;  gug;gpw;F  tiuag;gLk;  nrq;Fj;Jf;  Nfhl;bd;  jpirf;Fk;
,ilNaAs;s  NfhzNk θ.  vdNt>  nghJthd  tiuaiwahf>  rPuhd  kpd;Gyj;jpd;
kpd;ghak; gpd;tUkhW tiuaWf;fg;gLfpwJ.

. . cosE E A EA qF = =
ur ur

,q;F $A An=
ur

vd;gijf;  ftdpf;fTk;.  ,jd;  vz;kjpg;G A  kw;Wk;  ,jd;  gug;gpw;F

nrq;Fj;J  jpirapYs;s  XuyF  ntf;lh; $n . ,e;j  tiuaiwapd;  gb> . .E E AF =
ur ur

NkYk;

kw;Wk; Mfpa rkd;ghLfis ,jd; rpwg;G Neh;Tfshf ngw KbAk;.

(m) tpy;> 0q = ° . vdNt . .E E A EAF = =
ur ur

(M) tpy;> 90q = ° . vdNt . . 0E E AF = =
ur ur

vLj;Jf;fhl;L:

100 N C-1kjpg;Gila rPuhd kpd;Gyk; epyTk; gFjpapy; itf;fg;gl;Ls;s 5 cm kw;Wk; 10
cm gf;fq;fs; nfhz;l nrt;tfj;ijf; flf;Fk; kpd;ghaj;ijf; fzf;fpLf. nfhLf;fg;gl;l

Nfhzk; θ = 60°. xUNtis θRop vdpy;> kpd;gak; vd;d?

jPh;T:
kpd;ghak;

4. cos 100 5 10 10 cos60E E A EA q -F = = = ´ ´ ´ ´ °
ur ur

2 10.25E Nm C -Þ F =
0q = °vdpy;

4 2 1. 100 5 10 10 0.5E E A EA Nm C- -F = = = ´ ´ ´ =
ur ur

rPuw;w kpd;Gyk; kw;Wk; VNjDk; xU tbtKs;s gug;gpw;F kpd;ghak;

rPuw;w  kpd;Gyk;  kw;Wk;  jl;ilahf  ,y;yhj  tis  gug;G A mfpatw;iwf;  fUJNthk;.

,jd;  nkhj;j  gug;gsitAk; 1 2 3, , ,........ nA A A AD D D D
ur ur ur ur

Mfpa n kpfr;rpwpa  gug;Gf;

$Wfshfg;  gphpj;Njhk;  vd;why;  xt;nthU  gug;Gf;  $iwAk;  fpl;lj;jl;l  jl;ilahf
cs;sjhfTk; xt;nthU gug;Gf; $wpd; topahff; flf;Fk; kpd;GyKk; rPuhf cs;sjhfTk;
fUjyhk;.

nkhj;j gug;gsT A f;Fkhd kpd;ghaj;ijj; Njuhakhf vOjpdhy;

1 1 2 2 3 3. . . ,........ .n nE E A E A E A E AF = D + D + D D
ur ur ur ur ur ur ur ur

=
1

.
n

i i
i

E A
=

Då
ur ur

(midj;J i kjpg;GfSf;Fk;) 0iAD ®
ur

vd;w vy;iyia itj;Njhk; vd;why; rkd;ghL ,y;

cs;s $l;Lj;njhifahdJ njhifaplyhf khWk;. ,g;NghJ> KO gug;gpw;Fkhd nkhj;j
kpd;ghak;.

.E E d AF = ò
ur ur
�

rkd;ghL  ypUe;J  xU  Fwpg;gpl;l  gug;gpw;fhd  kpd;ghakhdJ  mjd;  Gwg;gug;gpd;  topNa
nry;Yk; kpd;Gyj;ijAk; kpd;Gyj;ijg; nghUj;J gug;gpd; jpiraikg;igAk; rhh;e;jpUf;Fk;
vd;gJ njspthfpwJ.

%ba gug;GfSf;F kpd;ghak;:
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nrd;w  gphptpy;>  VNjDk;  xU  tbtKs;s  tisgug;gpw;Fhpa  kpd;ghaj;ijg;  gw;wp
mwpe;Njhk;.  nfhLj;Js;sthW  rPuw;w  kpd;Gyk;  cs;s  gFjpapy;  xU  %ba  gug;G
cs;sjhff; fUJNthk;. ,k;%ba gug;gpw;fhd kpd;ghak;

.E E d AF = ò
ur ur
�

rkd;ghL  kw;Wk;  rkd;ghL  ,ilapyhd  NtWghl;ilf;  ftdpf;fTk;.  rkd;ghL  y;
gad;gLj;jg;gl;Ls;s  njhifaplyhdJ  xU  %lg;gl;l  my;yJ  %ba  gug;Gj;
njhifaplyhFk;  NkYk;  mjpYs;s  xt;nthU  gug;Gf;  $Wf;Fk;  tiuag;gLk;

ntspNehf;fpa nrq;Fj;Jf; Nfhlh d A
ur
d; jpirahFk;.

xU  %ba  gug;gpd;  nkhj;j  kpd;ghakhdJ  Neh;f;Fwp>  vjph;f;Fwp  my;yJ  Rop  kjpg;igg;
ngw;wpUf;Fk;.

xU gug;Gf;$W d A
ur
kpd;Gyk; E

ur
Ald; cUthf;Fk; Nfhzk; I tplf; Fiwthf cs;sjhy;

mjd; kpd;ghak; Neh;f;Fwp kjpg;G cilajhfTk; ,d;ndhU gug;Gf;$W d A
ur
kpd;Gyj;Jld;

cUthf;Fk;  Nfhzk; 90°  I  tpl  mjpfkhf  cs;sjhy;  mjd;  kpd;ghak;  vjph;f;Fwp
kjpg;GilajhfTk; cs;sd.

nghJthf>  %ba gug;gpDs;  kpd;Gyf;  NfhLfs;  Eioe;jhy;  kpd;ghak;  vjph;f;Fwp  vdTk;
%ba gug;ig tpl;L mit ntspNawpdhy; kpd;ghak; Neh;f;Fwp vdTk; nfhs;syhk;.

fh]; tpjp (Gauss law):
Q kpd;D}l;l  kjpg;GilanthU  Gs;sp  kpd;Jfisr;  Rw;wp r  Muk;  nfhz;l  fw;gidf;

Nfhsk; (imaginary  sphere) xd;W  fhl;lg;gl;Ls;sJ.  mjd;  %ba  gug;gpd;  topNa
ntspNehf;fpa  jpirapy;  flf;Fk;  nkhj;j  kpd;ghaj;jpid  rkd;ghL  %yk;  ehk;
fzf;fplyhk;.

. cosE E d A EdA qF = =ò ò
ur ur
� �

,g;Gs;sp  Neh;  kpd;Jfspd;  kpd;GykhdJ  Nfhsg;  gug;gpd;  xt;nthU  Gs;spapYk;  Mu

topNa ntspNehf;fpa jpirapy; mikfpd;wJ. vdNt> gug;Gf;$W d A
ur
MdJ kpd;Gyj;jpd;

jpirapNyNa cs;sjhy; 0q = °

E EdAF = ò� Vnddpy; cos 0° = 1

Nfhsj;jpd; gug;gpy; E rPuhf cs;sjhy;

E E dAF = ò�
24dA rp=ò� kw;Wk; 2

0

1
4

QE
rpe

= rkd;ghL y; gpujpapl>

2
2

1 14 4
4 4E

o o

Q r Q
r

p p
pe pe

F = ´ =

E
o

Q
e

F =

rkd;ghL  fh];  tpjp  vdg;gLk;.  ,e;j  Kbtpd;  Fwpg;gplj;jf;f  gz;G  vd;dntd;why;
kpd;Jfis  %bAs;s  gug;G  vj;jifa  tbtk;  nfhz;bUe;jhYk;  mjw;F  rkd;ghL

nghUe;Jk;. S1,  S2kw;Wk; S3 Mfpa %d;W %ba gug;GfSf;Fk; nkhj;j kpd;ghak; xd;Nw
vd;gij ftdpf;fTk;.

VNjDk;  xU  tbtKs;s (Arbitrary) %ba  gug;gpdhy; Q  kpd;D}l;lk;  nfhz;l  xU
kpd;Jfs; #og;gl;bUg;gpd; mk;%bag;gug;gpw;fhd nkhj;j kpd;ghakhdJ
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.E
o

QE d A
e

F = =ò
ur ur
� cs;

,JNt  fh];  tpjpapd;  $w;W.  ,q;F Qcs; vd;gJ  %ba  gug;gpw;F  cs;Ns  mike;Js;s

kpd;Jfs;fspd; nkhj;j kpd;D}l;lkhFk;.

fh]; tpjp – xU fye;jha;T:

1. #o;e;Js;s gug;gpidf; flf;Fk; nkhj;j kpd;ghakhdJ mg;gug;gpdhy; #og;gl;Ls;s
kpd;Jfs;fis kl;LNk  rhh;e;jpUf;Fk;.  khwhf>  mg;gug;Gf;F  ntspNa mike;Js;s
kpd;Jfs;fs;  kpd;ghaj;ijf;  nfhLf;fhJ.  NkYk;>  kpd;Jfs;fis  #Ok;  gug;ig

ve;jnthU tbtj;jpYk; (Arbitrary) ehk; njhpT nra;J nfhs;syhk;.

2. nkhj;j  kpd;gha  kjpg;ghdJ  #Ok;  gug;gpw;Fs;Ns  mike;Js;s  kpd;Jfs;fspd;

miktplj;ij (location) rhh;e;jpUf;fhJ.

3. rkd;ghL  ngWtjw;F  ehk;  Nfhsfg;  gug;igg;  gad;gLj;jp  cs;Nshk;.  ,e;j

fw;gidg; gug;gpidNa fh]pad; gug;gpidNa fh]pad; gug;G (Gaussian Surface)
vd;gh;.  kpd;Jfs;  epiyaikg;gpd;  tif (Type  of  charge  configuration) kw;Wk;

kpd;Jfs; epiyaikg;gpd; rkr;rPh;  jd;ik (symmetry  in  configuration) Mfpait
rhh;e;Nj  ehk;  njhpT  nra;Ak;  fh]pad;  gug;gpd;  tbtk;  ,Uf;f  Ntz;Lk;.  xU
Gs;sp kpd;Jfspd; kpd;GykhdJ Nfhsfr; rkr;rPh; jd;ik nfhz;Ls;sjhy; Nfhsf
tbtf;  fh]pad;  gug;igf;  njhpT  nra;Njhk;.  gpw  tifg;gl;l  kpd;Jfs;
epiyaikg;GfSf;F  cUis  tbt  kw;Wk;  rkjs  tbt  fh]pad;  gug;Gfisj;
Njh;e;njLf;fyhk;.

4. rkd;ghL ,d; ,lJif gf;fj;jpy; nfhLf;fg;gl;Ls;s kpd;Gyk; E
ur
MdJ fh]pad;

gug;gpw;F  cs;NsAk;  ntspNaAk;  mike;Js;s  kpd;Jfs;fshy;
cUthFk;kpd;Gyj;ijf;  Fwpg;gjhf  ,Ue;jhYk;  fh]pad;  gug;gpw;F  cs;Ns

mike;Js;s kpd;Jfs;fspd; nkhj;j kpd;D}l;l kjpg;ig kl;LNk Qcs; Fwpf;fpd;wJ.

5. ve;jnthU  jdpj;j  kpd;Jfspd;  ClhfTk;  fh]pad;  gug;G  fle;J  nry;yhJ.

Mdhy; kpd;Jfs; njhlh; guty;fspd; (continuous charge distribution) CNl mJ
fle;J  nry;Yk;.  Vnddpy;>  jdpj;j  kpd;Jfs;fSf;F  kpf  mUfpy;>  kpd;Gyj;ij
Jy;ypakhf tiuaWf;f ,ayhJ.

6. $Y}k;  tpjpapd;  ,d;ndhU  tbtNk  fh];  tpjp.  NkYk;  ,af;fj;jpYs;s
kpd;Jfs;fSf;Fk; fh]; tpjpiag; gad;gLj;jyhk;. ,jdhy; jhd;> $Y}k; tpjpia
tpl nghJthd tpjpahf fh]; tpjp ghh;f;fg;gLfpwJ.

fh]; tpjpapd; gad;ghLfs;:
VNjDk; xU tbtKs;s kpd;Jfs; njhFjpfSf;F kpd;Gyj;ijf;  fzf;fpl $Y}k;  tpjp
my;yJ  fh];  tpjpiag;  gad;gLj;jyhk;.  kpd;Jfs;  mikg;G  VNjDnkhU  rkr;rPh;
jd;ikiag;  ngw;wpUe;jhy;  kpd;Gyj;ijf;  fzf;fpl  fh];  tpjpNa  kpfr;rpwe;j  topahFk;.
gpd;tUk; Neh;Tfspy; ,ijf; fhzyhk;.

1. kpd;D}l;lk; ngw;w Kbtpyh ePsk; cila fk;gpapdhy; Vw;gLk; kpd;Gyk;

λ vDk;  rPuhd  kpd;D}l;l  ePs;  mlh;j;jp  nfhz;l  Kbtpyh  ePsKila  fk;gpiaf;

fUJNthk;. fk;gpapypUe;J r nrq;Fj;Jj; njhiytpy; Gs;sp P cs;sJ. fh]; tpjpiag;

gad;gLj;jp P ,y; cUthFk; kpd;Gyj;ijf; fzf;fplyhk;.

Gs;sp P ,ypUe;J  rk  njhiytpy;>  fk;gpapy;  mike;Js;s  ,U  rpwpa  kpd;Jfs;
$Wfis vLj;Jf;nfhs;Nthk;  ,t;tpU  kpd;Jfs;  $Wfspdhy;  cUthFk;  njhFgad;
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kpd;GykhdJ kpd;D}l;lk;  ngw;w  fk;gpapypUe;J  Mu topNa ntspNehf;fpa  jpirapy;

mikfpd;wJ.  NkYk;>r  MuKila  tl;lj;jpd;  midj;Jg;  Gs;spfspYk;  mjd;
vz;kjpg;G rkkhf ,Uf;Fk;. ,J tpy; fhl;lg;gl;Ls;sJ. ,e;jg; gz;gpd; mbg;gilapy;

kpd;D}l;lk; ngw;w fk;gp cUis tbt rkr;rPh;  jd;ik cilaJ vdyhk;. vdNt r
MuKk; L ePsKk; nfhz;l cUis tbt fh]pad; gug;igf; fUJNthk;.

,g;gug;gpw;fhd nkhj;j kpd;ghaj;ij gpd;tUkhW fzf;fplyhk;.

.E E d AF = ò
ur ur
�

= . . .E d A E d A E d A+ +ò ò ò
ur ur ur ur ur ur

tis  Nkw;  mbg;
gug;G gug;G gug;G

tisg;gug;gpy; E
ur
MdJ A

ur
 f;F ,izahf cs;sjhy; . .E d A E dA=

ur ur

Nky; kw;Wk; mbg;gug;GfSf;F E
ur
MdJ A

ur
tpw;F nrq;Fj;jhf cs;sjhy;> . 0E d A =

ur ur

,k;kjpg;Gfis  rkd;ghL  gpujpapl;L  fh];  tpjpia  cUis  tbt  gug;gpw;Fg;
gad;gLj;jpdhy;

0
E

QEdA
e

F = =ò cs;

tis
gug;G

nkhj;j  tis  gug;igg;  nghUj;jtiu  kpd;Gyj;jpd;  vz;  kjpg;G  khwpypahf

cs;sjhy;>E  MdJ  njhifaply;  FwpaPl;Lf;F  ntspNa  vLf;fg;gLfpwJ.  NkYk;

Q Ll=cs; vdg; gpujpapl>

0

LE dA l
e

= =ò
tis
gug;G

,q;F E dAF = =ò
tis
gug;G

tisgug;gpd; nkhj;j gug;G = 2 rLp

,ij rkd;ghL gpujpapl> .2
o

LE rL l
p

e
=

2 o

E
r
l

pe
1

=

ntf;lh; tbtpy;>
2 o

E r
r
l

pe
1

=
ur

$

.2
o

LE rL l
p

e
=

Gs;sp  kpd;Jfs;  xd;wpd;  kpd;Gyk; 2
1
r
vd;wthW  ,Ug;gij  mwpNthk;.  khwhf

kpd;D}l;lk;  ngw;w  Kbtpyh  ePsKila  fk;gpapd;  kpd;Gyk;
1
r
vd;wthW

mike;Js;sJ.

fk;gpf;F  nrq;Fj;jhd  jpirapNyNa ( )r
r
kpd;Gyk;  vg;NghJk;  mike;Js;sJ

vd;gij  rkd;ghL  %yk;  mwpa  KbfpwJ.  NkYk; λ >  0 vdpy;>  fk;gpf;F
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nrq;Fj;jhf  ntspNehf;fpa  jpirapy; E
ur
,Uf;Fk;;  λ <  0  vdpy;>  cs;Nehf;fpa

jpirapy; ( )r-
r
nrq;Fj;jhf E

ur
,Uf;Fk;.

Kbtpyh  ePsKs;s  kpd;D}l;lk;  ngw;w  fk;gpf;F  kl;LNk  rkd;ghL  nghUe;Jk;.
tuk;gpw;Fl;gl;l ePsKs;s kpd;D}l;lk; ngw;w fk;gpiag; nghUj;jtiu kpd;GykhdJ
midj;J  Gs;spfspYk;  Muj;jpirapy;  miktjpy;iy.  ,Ug;gpDk;>  mj;jifa
fk;gpapd;  ikag;Gs;spf;F  mUfpYk;  fk;gpapd;  KidfspypUe;J  ntF
njhiytpYs;s Gs;spfSf;Fk; rkd;ghL gad;gLj;jyhk;.

1. kpd;D}l;lk; ngw;w Kbtpyh rkjsj; jl;bdhy; cUthFk; kpd;Gyk;

σ  vDk;  rPuhd  kpd;D}l;lg;  gug;glh;j;jp  nfhz;l  Kbtpyh  rkjsj;jl;L  xd;iwf;

fUJNthk;. mj;jl;bypUe;J r njhiytpy; P vd;w Gs;sp cs;sJ.

rkjsj;jpd; msT KbtpyhjJ vd;gjhy;> mjpypUe;J rk njhiytpy; cs;s midj;J
Gs;spfspYk;  kpd;Gyj;jpd;  kjpg;G rkkhf ,Uf;Fk;.  midj;J Gs;spfspYk;  kpd;Gyj;jpd;

jpir Mu topNa mike;jpUf;Fk;. 2r ePsKk; A FWf;Fntl;Lg; gug;G nfhz;l cUis

tbt  fh]pad;  gug;igf;  fUJNthk;;  mjd;  eLg;gFjp  topahf  Kbtpyh  rkjsj;jl;L
flg;gjhff; nfhs;Nthk;. ,t;TUis tbt gug;Gf;F fh]; tpjpiag; gad;gLj;jpdhy;

.E
P

E d AF = ò
ur ur

=
'

. . .
oP P

QE d A E d A E d A
e

= + + =ò ò ò
ur ur ur ur ur ur

cs;

tis
gug;G

tisgug;gpd;  NkYs;s  midj;J  Gs;spfspYk;  kpd;GykhdJ  gug;gsTf;  $WfSf;F

nrq;Fj;jhfTk; P kw;Wk; P' gug;Gfspy; mJ ,izahfTk; ,Uf;fpwJ.

'
E

oP P

QEdA EdA
e

F = + =ò ò cs;

,t;tpU  gug;GfSf;Fk;  kpd;Gyj;jpd;  vz;  kjpg;G  rPuhf  cs;sjhy;  njhifaply;

FwpaPl;Lf;F ntspNa E vLf;fg;gLfpwJ. NkYk; Q As=cs; vdNt

P my;yJ P' gug;gpd; nkhj;j gug;gsT

P

dA A=ò

2
o

AEA s
e

= my;yJ
2 o

E s
e

=

ntf;lh; tbtpy;> $
2 o

E ns
e

=
ur

,q;F $nvd;gJ  rkjsj;jpw;F  nrq;Fj;jhf>  ntspNehf;fpa  jpirapYs;s  XuyF
ntf;luhFk;.  kpd;D}l;lk;  ngw;w  Kbtpyh  rkjsj;jl;bdhy;  cUthFk;  kpd;GykhdJ
kpd;D}l;l  gug;glh;j;jpiaj;  rhh;e;Jk;  mNjrkak;  njhiyitr;  rhuhkYk;  rhuhkYk;
,Uf;fpd;wJ.

kpd;D}l;lk;  ngw;wj;  jl;bypUe;J  fzprkhd  njhiytpYs;s  ve;jnthU  Gs;spapYk;

kpd;Gyk; rkkhf ,Uf;Fk;. σ> 0 vdpy; ve;jnthU Gs;spapYk; (P) kpd;GykhdJ (jl;bd;)

jsj;jpw;F  nrq;Fj;jhf>  ntspNehf;fpa  jpirapYk; $( )n , σ<  0 vdpy;  kpd;GykhdJ

jsj;jpw;F  nrq;Fj;jhf  kpd;D}l;lk;  ngw;wj;  jl;bypUe;J  cs;Nehf;fpa  jpirapYk;
$( )n- ,Uf;Fk; vd;gij %yk; mwpayhk;.
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tuk;gpw;Fl;gl;l  gug;gsitf;  nfhz;l kpd;D}l;lk;  ngw;w  rkjsj;  jl;ilg;  nghUj;jtiu
jl;bd;  eLg;gFjpapy;  rkd;ghL  XusT  nghUe;Jk;.  NkYk;  mjd;  KidfspypUe;J
ntFnjhiytpYs;s Gs;spfSf;Fk; ,r;rkd;ghL nghUe;Jk;.

kpd;D}l;lk; ngw;w ,U ,izahd Kbtpyh jl;Lfspdhy; cUthFk; kpd;Gyk;

+ σkw;Wk; - σvd;fpw  kpd;D}l;lg;  gug;glh;j;jp  nfhz;l  ,U  Kbtpyh  kpd;D}l;lk;  ngw;w
rkjs  jl;Lfisf;  fUJNthk;.  ,y;  fhl;bagb  mit  xd;Wf;nfhd;W  ,izahf
cs;sd.

jl;LfSf;F ,ilNaAk;> jl;LfSf;F ntspapYk; cUthFk; kpd;Gyj;ij fh]; tpjpiag;
gad;gLj;jp fz;Lgpbf;fyhk;. kpd;D}l;lk; ngw;w Kbtpyh rkjsj; jl;bd; kpd;Gy kjpg;G

2 o

s
e

NkYk; σ>  0 vdpy;  mJ  nrq;Fj;jhf>  ntspNehf;fpa  jpirapYk; σ<  0 vdpy;  mJ

(nrq;Fj;jhf) cs;Nehf;fpa jpirapYk; ,Uf;Fk;.

P2kw;Wk; P3Mfpa  Gs;spfspy;  ,U  jl;Lfspdhy;  Vw;gLk;  kpd;Gyq;fspd;  vz;  kjpg;G
rkkhfTk; vjpnujph; jpir cilajhfTk; cs;sd. vdNt> jl;LfSf;F ntspNa cs;s

Gs;spfspy;  kpd;Gyk;  RopahFk;.  Mdhy;  jl;LfSf;F  ,ilNa  cs;s  Gs;spfspy; (P1)
mtw;wpd; kpd;Gyq;fs; xNu jpirapy;. mjhtJ tyJ jpir Nehf;fp miktjhy;>

Ecs;; = 2 2 2o o o o

s s s s
e e e e

+ + =

jl;LfSf;F  ,ilNa  kpd;GykhdJ  Neh;  kpd;D}l;lk;  ngw;wj;  jl;bypUe;J  vjph;
kpd;D}l;lk;  ngw;wj;  jl;il  Nehf;fpa  jpirapypUf;Fk;.  NkYk;  jl;LfSf;F  ,ilapy;
cs;s midj;Jg; Gs;spfspYk; kpd;Gyk; rPuhf ,Uf;Fk;.

kpd;D}l;lk; ngw;w cs;sPlw;w Nfhsj;jpdhy; cUthFk; kpd;Gyk;

R MuKk; Q kpd;D}l;lKk; nfhz;l> rPuhd kpd;Jfs; guty; ngw;w cs;sPlw;w Nfhsk;
xd;iwf;  fUJNthk;  fh];  tpjpiag;  gad;gLj;jp  Nfhsj;jpw;F  ntspNaAk;  cs;NsAk;
cs;s Gs;spfspy; kpd;Gyj;ijf; fzf;fplyhk;.

Neh;T (m) Nfhsj;jpw;F ntspapy; cs;s Gs;spapy; (r > R) Nfhsj;jpd; ikaj;jpypUe;J r
njhiytpy;> Nfhsj;jpd; ntspNa cs;s Gs;sp If; fUJNthk;. kpd;Jfs;fs; Nfhsj;jpd;

Gwg;gug;gpy; rPuhfg; gutpAs;sd (Nfhsfr; rkr;rPh; jd;ik). MfNt Q > 0 vdpy; kpd;Gyk;

Mu topNa ntspNehf;fpa jpirapYk; Q < 0 vdpy; Mu topNa cs;Nehf;fpa jpirapYk;

,Uf;fpwJ. r Muk; nfhz;l Nfhs tbt fh]pad; gug;gpidf; fUJNthk;. ,g;gug;gpdhy;

#og;gLk; kpd;Jfs;fspd; nkhj;j kpd;D}l;lk; Q vd;f. fh]; tpjpiag; gad;gLj;jp

.
o

QE d A
e

=ò
ur ur

�
fh]pad;
gug;G

fh]pad;  gug;gpd;  midj;J  Gs;spfspYk;  kpd;GyKk; ( )E
ur

gug;gsTf;$Wk; ( )d A
ur

xNu

jpirapy; (ntspNehf;fpa jpirapy;> nrq;Fj;jhf) mikfpd;wd. kpd;Jfs; epiyaikg;gpd;
Nfhsfr;  rkr;rPh;  jd;ikahy;  fh]pad;gug;gpy;  cs;s  midj;J  Gs;spfspYk;  d;
vz;kjpg;Gk; rkkhfNt ,Uf;Fk;.

vdNt
o

QE dA
eò�

fh]pad;
gug;G

Mdhy; dAò fh]pad; gug;gpd; nkhj;j gug;gsT = 24 rp ,ij rkd;ghL gpujpapl>
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Q -  0 vdpy; kpd;GykhdJ Mu topNa ntspNehf;fpa jpirapYk;>Q < 0 vdpy; MutopNa
cs;Nehf;fpa jpirapYk;  mikAk;.  Nfhsj;jpw;F ntspNa cs;s Gs;spfisg;  nghUj;j

tiu> cs;sPlw;w Nfhsj;jp;d; ikaj;jpy; Q kpd;D}l;lk; nfhz;l xU Gs;sp kpd;Jfis
itj;jhy;  vt;thW kpd;Gyk;  mikANkh  mt;thW Nfhsj;jpd;  kpd;GykhdJ mikfpwJ.

(<h;g;gpaypy;  ,Nj  Nghd;wnjhU  Kbit>M  epiw  nfhz;l  cs;sPlw;w  Nfhsj;jpdhy;
Vw;gLk; <h;g;g tpiriaj; jUtpf;Fk; NghJ ngw;wij epidtpy; nfhs;sTk;)

Neh;T (M): Nfhsj;jpd; Gwg;gug;gpy; cs;s Gs;spapy; (r = R)
Nfhsff; $l;bd; Gwg;gug;gpy; cs;s Gs;spfSf;F (r = R) kpd;GykhdJ.

24 o

QE r
Rpe

=
ur

$

Neh;T (,): Nfhsj;jpw;F cs;NsAs;s Gs;spay; (r < R)
Nfhsfj;jpd;  ikaj;jpypUe;J r  njhiytpy;>  Nfhsj;jpw;F  cs;NsAs;s  Gs;sp P If;

fUJNthk;. r Muk; nfhz;l Nfhs tbt fh]pad; gug;G xd;iw tiuNthk;.

.
o

QE d A
e

=ò
ur ur
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fh]pad;
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2.4
o

QE rp
e

=

,e;j fh]pad; gug;Gf;Fs;Ns ve;j xU kpd;JfSk; ,y;yhjjhy; Q = 0 vdNt> rkd;ghL
gb

E = 0   (r < R)
Nkw;gug;gpd;  kPJ  kpd;Jfs;fs;  rPuhf  gutg;  ngw;w  cs;sPlw;w  Nfhsj;jpd;  cs;Ns

mike;Js;s  midj;J  Gs;spfSf;Fk;  kpd;Gyk;  RopNa.  Muj;njhiyTf;Fk;  (radial
distance)  kpd;Jfs;fs;  rPuhd  guty;  ngw;w  cs;sPlw;w  Nfhsj;jpd;  kpd;Gyj;jpw;Fk;
,ilNaahd fhl;lg;gl;Ls;sJ.

Fwpg;gpl;lnthU  kpd;Jfs;  epiyaikg;ghdJ  Nfhsf>  cUis  my;yJ  rkjs  rkr;rPh;
jd;ik  nfhz;bUf;Fk;  NghJ  mj;jifa  kpd;Jfs;  mikg;Gfspd;  kpd;Gyj;ij  vspjpy;
fz;lwpa  fh];  tpjp  xU  rpwe;j  topKiwahFk;.  mj;jifa  rkr;rPh;  jd;ik  mikahj
epiyapy;  Neubahd topKiwiaNa ($Y}k;  tpjpAk;  Ez;fzpjKk;)  gpd;gw;w  Ntz;Lk;.
vLj;Jf;fhl;lhf>  kpd;  ,UKidapd;  kpd;Gyj;ijf;  fz;lwpa  fh];  tpjpiag;
gad;gLj;JtJ fbdk;. Vnddpy;> mjw;F NkNy Fwpg;gpl;l ve;jnthU rkr;rPh; jd;ikAk;
fpilahJ.

flj;jpfs; kw;Wk; kpd;fhg;Gfspd; epiy kpd;dpay; gz;Gfs;:
epiykpd; rkepiyapy; flj;jpfs;:

xU  kpd;flj;jpg;  nghUspy;  fl;lw;W  Rje;jpukhf  ,aq;Fk;  kpd;Jfs;fs;  Vuhskhd
vz;zpf;ifapy; cs;sd. xU cNyhff; flj;jpapy; cs;s ,aq;Fk; kpd;Jfs;fs; fl;Lwh
vyf;l;uhd;fNs  MFk;.  ve;j  mZNthLk;  mit  fl;lg;gltpy;iy.  vdNt  flj;jpapd;
gug;gpy;  mtw;why;  vspjhf  mq;Fk;  ,q;Fk;  nry;y  Kbfpd;wJ.  Gw  kpd;Gyk;
mspf;fg;glhj  NghJ>  xOq;fpy;yhky;  midj;J  jpirfspYk;  njhlh;e;J  mit
,af;fj;jpy;  ,Uf;fpd;wd.  ,jd;  tpisthf>  ve;jnthU  Fwpg;gpl;l  jpiria  Nehf;fpAk;
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vyf;l;uhd;fspd;  epfu  ,af;fk;  ,y;yhjjhy;  mf;flj;jp  epiykpd;  rkepiyapy;
,Uf;fpd;wJ.  vdNt> epiykpd;  rkepiyapYs;s flj;jpapy;  vt;tpj epfu kpd;Ndhl;lKk;

(net  current) ,Ug;gjpy;iy.  ,r;rkepiyapYs;s  xU  flj;jpf;F  gpd;tUk;  gz;Gfs;
cs;sd.

1. flj;jpapd;  cl;Gwj;jpypUf;Fk;  midj;J  Gs;spfspYk;  kpd;Gyk;  RopahFk;.
,f;$w;W  jpz;kf;  flj;jp  kw;Wk;  cs;sPlw;w  $L  tiff;  flj;jp  ,uz;bw;F
nghUe;Jk;.

,J  Ma;tpd;  mbg;gilapy;  ehk;  fz;lwpe;j  cz;ik.  xU  Ntis  flj;jpapd;
cl;Gwj;jpy;  kpd;Gyk;  Ropay;y  vd;why;  mq;NfAs;s  fl;Lwh  vyf;l;uhd;fs;  kPJ
tpir  nray;gl  Ntz;Lk;  my;yth?  ,jd;  tpisthf>  mit  (fl;Lwh
vyf;l;uhd;fs; my;yJ ,aq;F kpd;Jfs;fs;) xU Fwpg;gpl;l jpiria Nehf;fp epfu
,af;fj;ijg;  ngWk;.  ,J  epiykpd;  rkepiyapYs;s  flj;jpfspd;  jd;ikf;F
khwhdnjhU epiyahFk;. vdNt> flj;jpapd; cl;Gwj;jpy; midj;J Gs;spfspYk;
kpd;Gyk;  RopahfNt  ,Uf;f  Ntz;Lk;.  rPuhd  Gw  kpd;Gyj;ij  flj;jpapd;  kPJ
nray;gLj;jpAk; ,t;Tz;ikiag; Ghpe;J nfhs;syhk;.

Gw kpd;Gyj;ij nray;gLj;Jk; Kd; flj;jpapYs;s fl;Lwh vyf;l;uhd;fs; flj;jp
KOtjpYk;  rPuhfg;  gutpapUf;Fk;.  kpd;Gyj;ij  nray;gLj;Jk;  NghJ>  ,lf;ifg;
gf;fk;  mit KLf;fg;gLtjhy;  ,lJgf;fj;  jfL vjph;  kpd;D}l;lKk; tyJgf;fj;
jfL Neh; kpd;D}l;lKk; ngWfpd;wd fl;Lwh vyf;l;uhd;fs; ,t;thW kPsiktjhy;

(realign)  flj;jpapd;  cl;Gwk;  mf  kpd;Gyk;  cUthfpd;wJ.  Gw  kpd;Gyj;ij
rkd;nra;Ak;  tiu  ,J  mjpfhpf;fpd;wJ.  Gw  kpd;Gyk;  rkd;nra;ag;gl;l  gpd;G
flj;jp  epiykpd;  rkepiyapYs;sjhff;  fUjg;gLfpwJ.  ,r;rkepiyia  mila

xU flj;jp vLj;Jf;nfhs;Sk; Neuk; Vwf;Fiwa 10-16s. vdNt ,ij Xh; cldb
epfo;thfNt fUjyhk;.

2. flj;jpapd; cl;Gwj;jpy; cs;s kpd;Jfs;fspd; epfu kpd;D}l;lk; Rop. flj;jpfspd;
Gwg;gug;gpy; kl;LNk kpd;Jfs;fs; ,Uf;f KbAk;.
flj;jpapd;  cl;Gwj;jpy;  midj;J  Gs;spfspYk;  kpd;Gyk;  Ropahjyhy;  fh]pad;
gug;gpidf; flf;Fk; epfu kpd;ghaKk; RopahfNt ,Uf;Fk;. vdNt fh]; tpjpapd;
gb>  flj;jpapd;  cl;Gwk;  ,Uf;Fk;  epfu  kpd;D}l;l  kjpg;Gk;  Rop  vd;gijNa ,J
czh;j;JfpwJ.  Ntis  rpy  kpd;Jfs;fis  flj;jpapd;  cl;Gwk;  ,Uj;jpdhYk;
clNdNa mit flj;jpapd; gug;ig mile;J tpLk;.

3. flj;jpf;F ntspNa kpd;GykhdJ mjd;  gug;Gf;F nrq;Fj;jhfTk;  vz;
o

s
e

kjpg;G

nfhz;ljhfTk;  ,Uf;Fk;.  ,q;F σvd;gJ  flj;jpapd;  Fwpg;gpl;l  gFjpapy;  cs;s
kpd;D}l;lg; gug;glh;j;jp MFk;.

flj;jpapd;  gug;gpw;F  ,izahd  jpirfspy;  kpd;Gyj;jpd;  $Wfs;  ,Ue;jhy;
gug;gpYs;s  fl;Lwh  vyf;l;uhd;fs;  KLf;fg;gLk;  mjhtJ>  flj;jp  rkepiyapy;
,y;iy  vd;whFk;.  vdNt>  epiykpd;  rkepiyapy;>  flj;jpapd;  gug;Gf;F
nrq;Fj;jhd jpirapy; kl;LNk kpd;Gyk; mikAk;.

fj;jpapd; gug;Gf;F rw;W ntspNa kpd;Gyj;jpd; vz;kjpg;G
o

s
e

vd;gij epWTNthk;.

rpwpa  cUis  tbt  fh]pad;  gug;igf;  fUJNthk;.  ,t;TUisapd;  xU  ghjp
flj;jpapd; cl;Gwkhfg; gjpe;Js;sJ.

flj;jpapd;  gug;Gf;F  nrq;Fj;jhf  kpd;Gyj;jpd;  jpir  ,Uf;Fk;  vd;gjhy;>  cUisapd;
tisgug;gpidf;  flf;Fk;  kpd;ghak;  Rop.  NkYk;  flj;jpapd;  cl;Gwk;  kpd;Gyk;
Ropahtjhy; fh]pad; gug;gpd; mbg;ghjpf;F kpd;ghak; Rop.
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vdNt>  Nky;gf;f  jl;ilg;  gug;G  kl;LNk  kpd;ghaj;ijf;  nfhLf;Fk;.  ,jpy;  kpd;Gyj;jpd;

jpirahdJ  gug;G ( )A
ur

ntf;lhpd;  jpirapNyNa  ,Uf;Fk;.  NkYk;  (Nkw;ghjp  cUis)

gug;gpw;F cl;Gwk;  cs;s kpd;Jfs;fspd;  nkhj;j  kpd;D}l;l  kjpg;G σA. fh];  tpjpiag;
gad;gLj;j>

o

AEA s
e

=

ntf;lh; tbtpy;> $

o

E ns
e

=
ur

,q;F $nvd;gJ flj;jpapd;  gug;Gf;F  nrq;Fj;jhd>  ntsp  Nehf;fpa  jpirapYs;s XuyF

ntf;lh;. σ<  0 vdpy;>  kpd;GykhdJ  gug;Gf;F  nrq;Fj;jhf>  cs;  Nehf;fpa  jpirapy;
,Uf;Fk;.

flj;jpapd; Gwg;gug;gpYk; cl;Gwj;jpYk; epiy kpd;dOj;jk; xNu kjpg;G nfhz;bUf;Fk;.
flj;jpapd;  Gwg;gug;gpy;  gug;gpw;F  ,izahd  jpirapy;  kpd;Gyj;jpd;  $W  ,Uf;fhJ
vd;gjhy;  gug;gpy;  kpd;Jfs;fis efh;j;Jtjw;F  Ntiy nra;aj;  Njitapy;iy.  ,jw;F
gug;gpYs;s  midj;J  Gs;spfspYk;  kpd;dOj;jk;  rkkhf  ,Uf;f  Ntz;Lk;  my;yJ
gug;gpYs;s>  VNjDk;  ,U  Gs;spfSf;F  ,ilNaAs;s  kpd;dOj;j  NtWghL  Ropahf
,Uf;f  Ntz;Lk;.  flj;jpapd;  cl;Gwk;  kpd;Gyk;  Ropahjyhy;>  flj;jpapd;  Gwg;gug;gpy;
cs;s kpd;dOj;jKk;  cl;Gwk;  cs;s kpd;dOj;jKk;  rkkhf ,Uf;f Ntz;Lk;.  vdNt>
epiykpd; rkepiyapy; xU flj;jp vg;NghJk; rkkpd;dOj;jj;jpy; cs;sJ.

epiykpd; jLg;Giw (Electrostatic shielding):

fh];  tpjpiag;  gad;gLj;jp  kpd;D}l;lk;  ngw;w  Nfhsff;  $l;bd;  cl;Gwj;jpy;  kpd;Gyk;
Ropnad;gij  epWtpNdhk;.  cs;sPlw;w  kw;Wk;  jpz;k  Nfhsf;  flj;jpfs;  ,itapuz;bd;
cl;Gwq;fspYk;  kpd;Gyk;  Ropnad;gijAk;  fz;Nlhk;.  ,J  xU  tpag;G+l;Lk;  gz;ghfTk;
Kf;fpakhdnthU tpisitj; jUtjhfTk; cs;sJ.

flj;jp  xd;wpd;  cl;GwKs;s  FopTg;  gFjp (Cavity) xd;iwf;  fUJNthk;.  flj;jpapd;
Gwg;gug;gpYs;s kpd;Jfs;fs; vJthf ,Ue;jhYk; flj;jpf;F ntspNa Vw;gLk;  kpd;dpay;
khWghLfs;  vJthapDk;  mf;FopTg;  gFjpapd;  cl;Gwk;  kpd;Gyk;  RopahfNt  ,Uf;Fk;.
Gwj;Nj  Vw;gLk;  kpd;dpay;  khWghLfspypUe;J  El;gkhd kpd;  fUtp  xd;iwg;  ghJfhf;f
Ntz;Lnkdpy;  ,j;jifa  FopTg;  gFjpf;Fs;  itf;f  Ntz;Lk;.  ,ijNa  epiykpd;
jLg;Giw vd;gh;.

,t;tpisit nra;J  fhl;l  ghuNl  $z;L (Faraday  cage) vd;nwhU  mikg;G  cs;sJ.
cNyhfj; jz;Lfshy; nra;ag;gl;l ,f;$z;L fhl;lg;gl;Ls;sJ.

ntspNa  cUthf;fg;gLk;  nraw;if  kpd;dyhy;  jhf;fg;gLk;  NghJk;  $z;bw;Fs;  cs;s
kdpjh; ve;j ghjpg;Gf;Fk; cs;shtjpy;iy.

kpd;dy;>  ,bAld;  $ba  kioapd;  NghJ  jpwe;j  ntspapNyh  my;yJ  kuj;jpdbapNyh
epw;gij tpl NgUe;jpw;Fs; ,Ug;gJ ghJfhg;ghdJ. NgUe;jpd; cNyhfg; gug;G epiykpd;
jLg;Giwahfr; nray;gLfpwJ. Vnddpy; mjd; cl;Gwj;jpy; kpd;Gy kjpg;G Rop. kpd;dypd;
NghJ  flj;jpapd;  Gwg;gug;G  topNa  kpd;Jfs;fs;  jiuf;Fg;  gha;tjhy;  NgUe;jpDs;
,Ug;gtUf;F vt;tpj ghjpg;Gk; ,Uf;fhJ.

epiykpd; J}z;ly;:

jFe;j nghUs; xd;wpdhy; ,d;ndhd;iw cuRtjhy; kpd;Ndw;wk; nra;a KbAk; vd;gij
,t;thwhf kpd;D}l;lk; ngw;w nghUis ,d;ndhU flj;jpahy; njhLk;NghJ> kpd;Jfs;fs;
flj;jpia  milfpd;wd.  Mdhy;  njhLjy;  ,d;wpNa  flj;jpnahd;iw  kpd;Ndw;wk;  ngwr;
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nra;a  KbAkh?  KbAk;.  njhLjy;  ,d;wpNa  xU  nghUis kpd;Ndw;wk;  ngwr;  nra;Ak;
epfo;T epiykpd; J}z;ly; vdg;gLk;.

1. kpd;flj;jhj;  jhq;fp  xd;wpd;  kPJ  itf;fg;gl;Ls;s  kpd;D}l;lkw;w  (kpd;
eLepiyahd)  Nfhs  tbtf;  flj;jpg;  nghUs;  xd;iwf;  fUJNthk;.  vjph;
kpd;D}l;lk;  ngw;w  jz;L  xd;W  Nfhsj;jpd;  mUfpy;>  mijj;  njhlhjthW>
nfhz;L tug;gLfpwJ

jz;bYs;s  vjph;kpd;Jfs;  flj;jpapYs;s  vyf;l;uhd;fis  vjph;g;gf;fj;ij  Nehf;fp
tpul;LfpwJ.  ,jd;  tpisthf>  kpd;D}l;;lk;  ngw;w  jz;L  ,Uf;Fk;  gf;fj;jpy;  Neh;
kpd;Jfs;fSk; mjw;F vjph;g;gf;fj;jpy; vjph; kpd;Jfs;fSk; J}z;lg;gLfpd;wd.

1. kpd;D}l;lk;  ngw;w  jz;bidf;  nfhz;L  tUKd;>  flj;jpapd;  (Nfhsj;jpd;  gug;G
KOtJk;  fl;Lwh  vyf;l;uhd;fs;  rPuhfg;  gutpapUe;jd.  NkYk;  mjd;  epfu
kpd;D}l;lk;  Ropahf  ,Ue;jJ.  Mdhy;>  jz;bid  flj;jpapdUfpy;  nfhz;L
nrd;wTld;  vyf;l;uhd;fs;  jz;bw;F  Nra;ikg;  gf;fj;jpYk;  Neh;  kpd;  Jfs;fs;
mz;ikg;  gf;fj;jpYkhf  mike;J>  kpd;Jfs;fspd;  guty;  rPuw;wjhfpwJ.
,Ug;gpDk;> epfu kpd;D}l;lk; RopNa.

2. ,g;NghJ Nfhsf;  flj;jpia xU kpd;flj;Jf;  fk;gpapd;  %yk;  jiuf;F ,izg;G

nfhLf;fg;gLfpwJ.  ,jw;F  jiuapizg;G (Grounding)  vd;W  ngah;.  vt;tsT
vyf;l;uhd;fis Ntz;LkhdhYk; jiuahy; (Gtpahy;) Vw;Wf;nfhs;s KbAkhjyhy;
Nfhsff;  flj;jpapYs;s  vyf;l;uhd;fs;  jiuapizg;gpdhy;  jiuf;Fs;  nrd;W
tpLfpd;wd.  Mdhy;  Nfhsj;jpy;  cs;s  Neh;kpd;Jfs;fs;  jz;bYs;s  vjph;
kpd;Jfs;fspd;  fth;r;rp  tpirf;F  cl;gl;Ls;sjhy;>  ,e;j  Neh;kpd;  Jfs;fs;
jiuf;F gha ,ayhJ.

3. ,g;NghJ jiuapizg;Gf; fk;gpapid vLj;J tpl> Nfhsj;jpYs;s Neh; kpd;Jfs;fs;
kpd;D}l;lk; ngw;w jz;bw;F mUfpNyNa cs;sd.

4. kpd;D}l;lk;  ngw;w  jz;bid  ,g;NghJ  flj;jpaplkpUe;J  mg;Gwg;gLj;jp  tplTk;.
mt;thW  mjid  ePf;fpaTld;  Neh;  kpd;Jfs;fs;  flj;jpapd;  gug;gpy;  rPuhfg;
guTfpd;wd.  ,j;jifa  nray;Kiwapd;  %ykhf  kpd;eLepiyj;  jd;ik  nfhz;l
xU Nfhs tbtf;  flj;jp  Neh;  kpd;D}l;lk;  ngw;wjhf khWfpwJ.  (xU Fwpg;gpl;l
tbtk;  vd;wpyhky;)  rPuw;w  tbtk;  nfhz;l  flj;jpf;F>  ,r;nray;Kiwapy;
,ilapyike;j  gbfSk;  KbTk;  xd;whf  ,Ug;gpDk;  filrp  gb  NtWgl;L
,Uf;Fk;.  mjhtJ>  Neh;  kpd;Jfspd;  guty;  rPuhf  ,uhJ.  ,J  Vd;?  ,jw;fhd
fhuzk; gFjp tpthjpf;fg;gl;Ls;sJ.

kpd;D}l;l mw;w
vwpnghUs;

+q kpd;D}l;lk; ngw;wJ

 gwf;Fk; Neuk; T 02 sinv
g

q 02 sinv
qEg
m

q
æ ö+ç ÷
è ø

ngUk cauk; hmax 2 2
0 sinv

g
q 2 2

0 sin

2

v
qEg
m

q
æ ö+ç ÷
è ø

(fpilj;js) neLf;fk; R 2
0 sin 2v

g
q 2

0 sin 2v
qEg
m

q
æ ö+ç ÷
è ø
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gwf;Fk;  Neuk;>  ngUk  cauk;>  neLf;fk;  Mfpa  ,k;%d;WNk  nghUspd;  KLf;fj;jpw;F

vjph;j;jftpy;  cs;sij ftdpf;fTk;  NkYk;>
qEg g
m

æ ö+ >ç ÷
è ø

Mifahy; T,  hmax,  R ,k;%d;W

msTfSNk  kpd;D}l;lkw;w  epiyapy;  cs;s  msTfis  tplf;  Fiwe;j  kjpg;igg;

ngw;wpUf;Fk;.  kpd;D}l;lkhdJ –q vdpy;>
qEg g
m

æ ö- <ç ÷
è ø

. Mifahy;  ,k;%d;WNk  mjpf

kjpg;G ngw;wpUf;Fk;. ,Ug;gpDk; nghUspd; ghij ,d;dKk; gutisakhfNt cs;sJ.

kpd;fhg;Gg; nghUs;fs; my;yJ kpd;flj;jhg; nghUs;fs;:

kpd;fhg;g  nghUs;  vd;gJ  kpd;Ndhl;lj;ijf;  flj;jhj  xU  nghUs;.  mjpy;  fl;Lwh
vyf;l;uhd;fspd;  vz;zpf;if  FiwT.  kpd;fhg;Gg;  nghUspYs;s  vyf;l;uhd;fs;  mjd;
mZf;fshy;  fl;Lz;L  cs;sd.  kpd;fhg;GfSf;F  rpy  vLj;Jf;fhl;Lfs;:  vNghidl;>
fz;zhb>  ikf;fh  Nghd;wit  Gw  kpd;Gyj;jpy;  itf;fg;gLk;  NghJ  (kpd;fhg;Gfspy;
cs;s) vyf;l;uhd;fshy; fl;Lwh ,ay;Gld; ,aq;f KbahJ. Mdhy; Fwpg;gpl;l jpirapy;

mit  xOq;fikf;fg;  gLfpd;wd.  kpd;fhg;Gfs;  kpd;KidTs;s (polar)  %yf;$Wfs;
my;yJ kpd; Kidtw;w %yf;$Wfshy; Mdit.

kpd;Kidtw;w %yf;$Wfs;: (Non polar molecules):

Neh;  kpd;Jfs;fspd;  kpd;D}l;l  ikaKk;  vjph;  kpd;Jfs;fspd;  kpd;D}l;l  ikaKk;  xNu
Gs;spapy;  nghUe;jp  mikfpd;w  %yf;$W  kpd;  Kidtw;w  %yf;$W  vdg;gLk;.  ,J
epiyj;j  ,UKid  jpUg;Gj;jpwidg;  ngw;wpUg;gjpy;iy.  vLj;Jf;fhl;Lfs;:  i`bu[d;

(H2)> Mf;rp[d; (O2)> fhh;gd; ilahf;irL (CO2) cs;spl;lit.

,g;nghUs;fis  Gw  kpd;Gyj;jpy;  itj;jhy;>  Neh;  kpd;Jfs;fspd;  kpd;D}l;l  ikaKk;
vjph;  kpd;Jfs;fspd;  kpd;D}l;l  ikaKk;  rpwpa  ,ilntsp  nfhz;L  gphpf;fg;gLfpd;wd.
,jdhy;  Gw  kpd;Gyj;jpd;  jpirapy;  ,UKid jpUg;Gj;jpwd;  J}z;lg;gLfpwJ.  ,g;NghJ>

Gw  kpd;Gyj;jhy;  kpd;fhg;G  nghUs;  kpd;Kidthf;fk;  nra;ag;gl;Ls;sJ (Electrically
polarised) vd;W $wyhk;.

kpd;KidTs;s %yf;$Wfs; (Polar molecules):

Gw  kpd;Gyk;  nray;glhj  epiyapYk;  Neh;  kw;Wk;  vjph;  kpd;Jfs;fspd;  kpd;D}l;l
ikaq;fs;  gphpf;fg;gl;Ls;s  %yf;$Wfs;  kpd;KidTs;s  %yf;$Wfs;  vdg;gLk;.  ,it
epiyj;j  ,UKid  jpUg;Gj;jpwidg;  ngw;Ws;sd.  ntg;g  ,af;fj;jpd;  tpisthy;
nghUspy;  cs;s  xt;nthU  ,UKid  jpUg;Gj;jpwDk;>  xOq;fw;W  ntt;NtW  jpiria
Nehf;fp mikfpd;wd. vdNt Gwkpd;Gyk; ,y;yhj epiyapy; epfu ,UKid jpUg;Gj;jpwd;

RopahFk;. KidTs;s %yf;$WfSf;F vLj;Jf;fhl;Lfs; H2O, N2O, HCI, NH3.

Mdhy;  Gw  kpd;Gyk;  nray;gLk;  NghJ>  KidTs;s  %yf;$wpYs;s  ,UKidfs;
kpd;Gyj;jpd;  jpirapy;  xOq;fikfpd;wd.  vdNt>  ,U  epfu  ,UKid  jpUg;Gj;jpwd;
mjDs;  J}z;lg;gLfpwJ.  ,g;NghJ>  Gw kpd;Gyj;jhy;  kpd;fhg;G  nghUs;kpd;Kidthf;fk;
nra;ag;gl;Ls;sJ vdyhk;.

kpd;Kidthf;fk; (Electric Polarization):

Gw  kpd;Gyk;  nray;gLk;  NghJ  xU  kpd;fhg;Gg;  nghUspy;  ,UKid  jpUg;Gj;jpwd;
J}z;lg;gLfpwJ. kpd;fhg;Gg; nghUspy; XuyF gUkdpy; (J}z;lg;gLk;) nkhj;j ,UKid

jpUg;Gj;jpwid  Kidthf;fk; ( )P
ur

vd;gh;.  ngUk;ghyhd  (Nehpay;  jpirr;rPh;  jd;ik

nfhz;l –linear isotropic) kpd;fhg;Gfspy;> Kidthf;fkhdJ Gw kpd;Gyj;jpd; typikf;F
Neh;j;jftpy; ,Uf;Fk;. ,ijNa>
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exteP Ec=
ur ur

,q;F ec vd;w  khwpyp  kpd;  Vw;Gj;jpwd; (Susceptibility) vdg;gLk;.  ,J  xt;nthU

kpd;fhg;Gg; nghUspw;Fk; ntt;NtW kjpg;igAilajhf ,Uf;Fk;.

kpd;fhg;gpd; cs;Ns kpd;Gyk; J}z;lg;gLjy;:

flj;jpnahd;iwg;  Gw  kpd;Gyj;jpy;  itf;Fk;NghJ>  mjpYs;s  kpd;Jfs;fs;
xUq;fikf;fg;gl;L>  mjdhy;  cUthFk;  mf  kpd;GykhdJ  Gw  kpd;Gyj;ij  rkd;
nra;Ak;.  Mdhy;  kpd;fhg;igg;  nghUj;jtiu>  mjpy;  fl;Lwh  vyf;l;uhd;fs;  ,y;yhjjhy;>
Gw  kpd;GykhdJ  mjpYs;s  kpd;Jfs;fis  xUq;fikf;fr;  nra;jhYk;  mjdhy;
cUthFk; mf kpd;Gyk; Gw kpd;Gyj;ij tplf; Fiwthf ,Uf;Fk;. vdNt> kpd;fhg;gpd;

cl;Gwk;  epfu  kpd;Gyk;  Ropahtjpy;iy;  NkYk;  Gw  kpd;Gyj;jpd;  jpirapNyNa  epfu
kpd;Gyk;  ,Uf;fpwJ.  Mdhy;  mjd;  vz;kjpg;G  Gw  kpd;Gyj;ijtplf;  FiwthfNt
,Uf;Fk;.  vLj;Jf;fhl;lhf>  (kpd;Njf;fp  xd;wpd;)  vjpnujph;  kpd;D}l;lk;  ngw;w  ,U
jl;LfSf;F ,ilNa xU nrt;tf tbt kpd;fhg;Gg; ghsk; itf;fg;gLfpwJ. jl;LfSf;F

,ilNa  epyTk;  rPuhd  kpd;Gyk;  kpd;fhg;gpw;F  xU  Gw  kpd;Gykhf ( )extE
ur

nray;gl;L

mjid  Kidthf;fk;  nra;fpwJ.  mjd;  xU  gf;fj;jpy;  Neh;  kpd;Jfs;fSk;  kw;nwhU
gf;fk;  vjph;  kpd;Jfs;fSk;  J}z;lg;gLfpd;wd.  Mdhy;  kpd;fhg;gpd;  cl;Gwj;jpNyh  xU
rpW  gUkdpy;  $l  epfu  kpd;D}l;lk;  Ropahf  ,Uf;fpd;wJ.  MfNt  Gw  kpd;Gyj;jpy;

itf;fg;gl;Ls;s  xU  kpd;fhg;ghdJ  kpd;D}l;l  gug;glh;j;jp + bs kw;Wk; - bs nfhz;l>

vjpnujph;  kpd;D}l;lk;  ngw;w  ,U  jl;LfSf;F  xg;ghFk;.  ,k;kpd;Jfs;fs;  fl;Lz;l

kpd;Jfs;fs;  (Bound Charges) vdg;gLk;. ,it flj;jpapYs;s fl;Lwh vyf;l;uhd;fisg;
Nghy; ,it jilaw;w ,af;fj;ijg; ngw KbahJ.

vLj;Jf;fhl;lhf>  cuha;tpdhy;  kpd;D}l;lk;  ngw;w  gY}d;  xd;W  Rtw;wpy;  xl;bf;
nfhs;fpwJ.  vjph;  kpd;D}l;lk;  ngw;w  gY}id  Rtw;wpdUfpy;  nfhz;L  tUk;NghJ>  mJ
Rtw;wpy;  Ntwpd  kpd;Jfs;fisj;  J}z;Ltjhy;  Kidthf;fk;  Vw;gLfpwJ.  ,jdhNyNa
Rtw;Wld; gY}d; xl;bf; nfhs;fpwJ.

kpd;fhg;G typik (Dielectric Strength):

kpd;fhg;gpw;F  mspf;fg;gLk;  Gw  kpd;Gyk;  mjpf  typik  tha;;e;jjhf  ,Ue;jhy;  mJ
mZf;fspy;  cs;s  vyf;l;uhd;  fl;likg;ig  cilj;J  fl;Lz;l  kpd;Jfs;fis fl;Lwh
kpd;Jfs;fshf;Ffpd;wJ.  ,e;epiyapy;  kpd;fhg;Gg;  nghUs;  kpd;Ndhl;lj;ijf;  flj;j

Muk;gpf;fpd;wJ.  ,ijNa  kpd;fhg;G  KwpT (dielectric  break  down) vd;gh;.  ,k;KwpT
Vw;gLk;  Kd; kpd;fhg;G xd;W jhq;ff;$ba ngUk kpd;Gyk;  kpd;fhg;G typik vdg;gLk;.

vLj;Jf;fhl;lhf> fhw;wpd; kpd;fhg;G typik 3 × 106 V m-1. ,jw;F mjpfkhd kpd;Gyj;ij
nray;gLj;jpdhy;>  mjpy;  nghwp  cUthFk;.  rpy  kpd;fhg;Gfspd;  kpd;fhg;G  typikfs;
gl;bayplg;gl;Ls;sd.

kpd;fhg;G typik:

nghUs; kpd;fhg;G typik (Vm-

1)
ikf;fh 100 × 106

nlg;yhd; 60 × 106

fhfpjk; 16 × 106

iguf;]; fz;zhb 14 × 106

fhw;W 3 × 106

kpd;Njf;fpfs; kw;Wk; kpd;Njf;Fj;jpwd;
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kpd;Njf;fpfs; (Capacitors):

kpd;Jfs;fs;  kw;Wk;  kpd;dhw;wiy  Nrkpf;f  cjTk;  fUtpNa  kpd;Njf;fp>  mJ>  rpwpa
,ilntspapy;  gphpj;J itf;fg;gl;l ,U kpd;flj;Jg;  nghUs;fshy; (nghJthf> jl;Lfs;
my;yJ jfLfs;) MdJ. gy vyf;l;uhdpa Rw;WfspYk;. mwptpay; njhopEl;gj; Jiwfs;
gytw;wpYk; kpd;Njf;fp gutyhf gad;gLj;jg;gLfpwJ.

Xh;  vspa  kpd;Njf;fpapy;>  ,U  ,izahd  cNyhfj;  jl;Lfs;  rpwpa  ,ilntspapy;

gphpf;fg;gl;L  cs;sij  fhzyhk;.  kpd;Njf;fpia V  kpd;dOj;j  NtWghL  nfhz;l
kpd;fyDld; ,izj;j gpd;G kpd;fydpypUe;J (kpd;Njf;fpapd;) xU jl;bw;Fk; ,d;ndhU

jl;bypUe;J  kpd;fyDf;Fkhf  vyf;l;uhd;fs;  ,lk;ngah;tjhy;>  xU  jl;L –  Q  vjph;

kpd;D}l;lKk;>  ,d;ndhd;W  +Q Neh;  kpd;D}l;lKk;  ngWfpd;wd.  jl;LfSf;fpilNaahd
kpd;dOj;j NtWghL kpd;fydpd; Kid kpd;dOj;j NtWghl;Lf;Fr; rkkhFk;. kpd;fydpd;
kpd;dOj;j NtWghL mjpfhpf;fg;gl;lhy; jl;Lfspy; Nrkpf;fg;gLk; kpd;Jfs;fspd; msTK;
mjpfhpf;Fk;.  nghJthf>  kpd;Njf;fpapy;  Nrkpf;fg;gl;l  kpd;Jfs;fspd;  kpd;D}l;l  kjpg;G
mjd; jl;LfSf;fpilNa cs;s kpd;dOj;j NtWghl;Lf;F Neh;j;jftpy; ,Uf;Fk;.

Q ¥V, my;yJ Q = CV,
,q;F C  vd;w  jfT  khwpyp.  ,J  kpd;Njf;Fj;jpwd; (Capacitance) vdg;gLk;.

kpd;Njf;fpapd; kpd;Njf;Fj;jpwd; C vd;gJ mjd; VNjDk; xU kpd;flj;J jl;by; cs;s
kpd;Jfs;fspd;  kpd;D}l;l  kjpg;gpw;Fk;  flj;jpfSf;F  (jl;LfSf;F)  ,ilNa  epyTk;
kpd;dOj;j NtWghl;bw;Fk; ,ilNaTs;s tpfpjk; vd tiuaWf;fg;gLfpwJ.

C = Q
V

kpd;Njf;Fjpwdpd; SI  myF  $Y}k; /  Nthy;l; (CV-1) my;yJ  ikf;Nfy;  ghuNlapd;

epidthf  ghul; (F)  vd;Wk;  Fwpf;fg;gLfpwJ.  ghul;  vd;gJ  kpd;Njf;Fj;  jpwdpd;

kpfg;nghpa  Xh;  myF.  eilKiwapy;  ikf;Nuhghul; (1μF  =  10-6F) Kjy;  igf;Nfhghul;

(1pF = 10-12F) tiuapyhd kjpg;GfSld; kpd;Njf;fpfs; fpilf;fpd;wd.

kpd;Njf;fp my;yJ Mfpa  FwpaPLfshy;  Fwpg;gplg;gLfpwJ.  kpd;Njf;fpapd;  ,U

jfLfspy; Nrkpf;fg;gLk; kpd;Jfs;fspd; nkhj;j kpd;D}l;lk; Rop (Q – Q = 0)  vd;gijf;
ftdpf;fTk;.  kpd;Njf;fp  xd;wpy;  kpd;Jfs;fs;  Nrkpj;J  itf;fg;gLd;wd  vd  ehk;
nrhy;Yk;  NghJ  mjd;  xU  jl;by;  Nrkpf;fg;gLk;  kpd;Jfs;fspd;  kpd;D}l;l  msitNa
Fwpg;gpLfpNwhk;.

,d;iwa  fhyfl;lj;jpy;  kpd;Njf;fpfs;  gytpj  tbtq;fspYk;  (cUis>  tl;L)
tiffspYk; (lhz;lyk;> gPq;fhd;> kpd;gF kpd;Njf;fpfs;) fpilf;fpd;wd.

,izj;jl;L kpd;Njf;fpapd; kpd;Njf;Fj;jpwd;:

FWf;Fntl;Lg; gug;gsT A kw;Wk; d ,ilj;njhiytpdhy; gphpj;J itf;fg;gl;Ls;s ,U
,izj;jl;Lfisf; nfhz;l kpd;Njf;fpiaf; fUJNthk;.

,U  Kbtpyh  ,izj;  jl;LfSf;fpilapy;  kpd;Gyk;  rPuhfTk;
o

E s
e

= kjpg;G  nfhz;Lk;

,Uf;Fk;.  ,q;F s vd;gJ  jl;Lfspd;  kpd;D}l;lg;  gug;glh;j;jp
Q
A

sæ ö=ç ÷
è ø

jl;Lfspd;

gug;gsitf;  fhl;bYk;  ,ilj;njhiyT d  kpfTk;  rpwpajhf  ,Ug;gpd; (d2<<  A),
tuk;gpw;Fl;gl;l  msT  nfhz;l (finite  sized)  ,izj;jl;L  kpd;Njf;fpf;Fk;  $l  NkNy
$wg;gl;l rkd;ghL nghUe;Jk;.
 vdNt jl;LfSf;fpilNaahd kpd;Gyk;
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0

QE
Ae

=

kpd;Gyk; rPuhf ,Ug;gjhy;> jl;LfSf;F ,ilNaahd kpd;dOj;j NtWghL

0

QdV Ed
Ae

= =

vdNt kpd;Njf;fpapd; kpd;Njf;Fj;jpwd;

0

0

Q Q AC
V dQd

A

e

e

= = =
é ù
ê ú
ë û

kpd;Njf;Fj;jpwd;  jl;bd;  FWf;Fntl;Lg;  gug;gstpw;F  Neh;j;jftpYk;  ,U
jl;LfSf;fpilNaAs;s  njhiytpw;F  vjph;j;jftpYk;  cs;sJ  vd;gij  mwpayhk;.
gpd;tUk; gFg;gha;tpd; %yKk; ,ij mwpayhk;.

1. kpd;Njf;fpj;  jl;Lfspd;  gug;gsit  mjpfhpj;jhy;  mNj  kpd;dOj;j  NtWghl;by;
,d;Dk;  mjpfsT  kpd;Jfs;fisg;  gutr;  nra;a  ,aYk;.  vdNt>
kpd;Njf;Fj;jpwDk; mjpfkhFk;.

2. jl;LfSf;F ,ilNa cs;s njhiyT d If; Fiwf;Fk;NghJ E khwpyp Mjyhy;>

mtw;Wf;F ,ilNaahd kpd;dOj;j NtWghLk; (V) FiwAk; (V=  Ed). ,g;NghJ
kpd;fydpd;  ,UKidfSf;F  ,ilNaahd  kpd;dOj;j  NtWghL  mjpfkhf
,Ug;gjhy;>  Kidfspd;  kpd;dOj;j  NtWghLk;  jl;LfSf;F  ,ilNaahd
kpd;dOj;j NtWghLk; rkkhFk; tiu kpd;fyj;jpypUe;J jl;LfSf;F kpd;Jfs;fs;
ghAk;.  khwhf>  jl;bilj;  njhiyitf;  $l;Lk;NghJ>  kpd;Njf;fpapd;  kpd;dOj;j
NtWghLk;  $Ltjhy;  ,g;NghJ  mJ  kpd;fydpd;  kpd;dOj;jj;ij  tpl  mjpfkhf
,Uf;Fk;.  ,U  kpd;dOj;jq;fSk;  rkkhFk;  tiu  kpd;Njf;fpj;  jl;LfspypUe;J
kpd;fyDf;F kpd;Jfs;fs; ghAk;.

kpd;Njf;fpapy; Nrkpf;fg;gLk; Mw;wy;:
kpd;Njf;fpahdJ kpd;Jfs;fis kl;Lky;y>  kpd;dhw;wiyAk;  Nrkpf;Fk;  xU fUtpahFk;.

kpd;Njf;fp  xd;W  kpd;fyDld;  ,izf;fg;gLk;  NghJ –Q  kpd;D}l;l  msTila
vyf;l;uhd;fs;  mjd; xU jl;bypUe;J ,d;ndhd;Wf;F ,lk;ngah;fpd;wd. ,e;j kpd;Jfs;
,lg;ngah;Tf;F  Njitg;gLk;  Ntiyia kpd;fyd;  nra;fpwJ.  nra;ag;gl;l  ,t;NtiyNa
kpd;Njf;fpapy; epiy kpd;dOj;j Mw;wyhfr; Nrkpj;J itf;fg;gLfpwJ.

V kpd;dOj;j NtWghl;by; dQ msT (infinitesimal) kpd;D}l;lk; nfhz;l kpd;Jfs;fis
efh;j;j nra;ag;gLk; Ntiy

dW = V dQ

,q;F V = Q
C
 vdNt

kpd;Njf;fpia kpd;Ndw;wk; (charge) nra;aj; Njitg;gLk; nkhj;j Ntiy
2

0 2

Q Q QW dQ
C C

= =ò
,e;j Ntiy epiy kpd;dOj;j Mw;wyhf (UE) kpd;Njf;fpapy; Nrkpf;fg;gLfpwJ.

2
21 ( )

2 2E
QU CV Q CV
C

= = \ =

,t;thW  Nrkpf;fg;gl;l  Mw;wyhdJ  kpd;Njf;Fj;jpwDf;Fk;  jl;LfSf;F  ,ilNaahd
kpd;dOj;j NtWghl;bd; ,Ukbf;Fk; Neh;j;jftpy; ,Uf;fpd;wJ. Nrkpf;fg;gLk; ,t;thw;wy;
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vq;Nf  cs;sJ?  ,ij  mwpa  rkd;ghL  gpd;tUkhW  khw;wp  vOjyhk;.  ,q;F C  =

;o A V Ed
d

e
=

2 201 1( ) ( )
2 2E o

AU Ed Ad E
d

e eæ ö= =ç ÷
è ø

,q;F Ad  =  kpd;Njf;fpapd;  jl;LfSf;fpilNa  cs;s  gFjpapd;  gUkd;.  ,e;j
,ilntspg;gFjpapd;  xuyF  gUkdpy;  Nrkpf;fg;gl;Ls;s  Mw;wiy>  epiy  kpd;dOj;j

Mw;wy; mlh;j;jp (uE) vd tiuaWf;fyhk;.

vdNt E
E

Uu
V

=

rkd;ghL Ig; gpujpapl

21
2E ou Ee=

,jpypUe;J>  kpd;Njf;fpapd;  jl;LfSf;fpilNa  cs;s  ,ilntspapy;  epyTk;
kpd;Gyj;jpy;jhd;  Mw;wy;  Nrkpf;fg;gLfpwJ  vd;gij  mwpe;J  nfhs;syhk;.  kpd;Njf;fpia

kpd;dpwf;fk; (discharge) nra;Ak;NghJ Mw;wy; jpUk;gg; ngwg;gLfpwJ.
Mw;wy;  mlh;j;jpahdJ  kpd;Gyj;ijr;  rhh;e;J  kl;LNk  cs;sJ  vd;gijAk;  jl;Lfspd;
msitg;  nghWj;J  mJ  miktJ  ,y;iy  vd;gijAk;  ftdpf;fTk;.  NkYk;>  rkd;ghL
vt;tif kpd;Jfs; epiyaikg;Gf;Fk; nghUe;jf;$ba xd;whFk;.

kpd;Njf;fpfspd; gad;ghLfs;:
gy;NtW  vyf;l;uhdpa  Rw;WfspYk;  kpd;Njf;fpfs;  gad;gLj;jg;gLfpd;wd.  mtw;Ws;
rpytw;iw ,q;F fhz;Nghk;.

1. ehk;  midtUk;  mwpe;j  xd;Wjhd;  xspg;glf;  fUtp (difital  camera), ehk;

Gifg;glk;  vLf;Fk;  NghJ  mjpypUe;J  njwpg;nghsp (flash)  ntspg;gLtjw;F
njwpg;G kpd;Njf;fp vdg;gLk; xUtif kpd;Njf;fpapypUe;J ntsptplg;gLk; Mw;wNy
fhuzkhFk;.

2. ,ja  epWj;jk; (Cardiac  arrest) Vw;gLk;  NghJ>  ,ja  cjwy;  ePf;fp (Heart
difibrillator) vd;w  xU  fUtpiag;  gad;gLj;jp  jpBnud  mjpfstpyhd
kpd;dhw;wiy Nehahspapd; neQ;Rg; gFjpapy; nrYj;Jtjd; %yk; ,jaj;Jbg;ig

,ay;Gf;Ff;  nfhz;L  tUthh;fs;.  ,f;fUtpapy; 2000V  mstpyhd  mjpf

kpd;dOj;jj;jpy; kpd;Ndw;wk; nra;ag;gl;l 175 Fm  kpd;Njf;fp gad;gLj;jg;gLfpwJ.

3. jhdpaq;fp  ve;jpuq;fspd;>  vhpnghUs;  vhpA+l;Lk;  mikg;Gfspy;>  jPg;nghwp
cUthtij jtph;f;f kpd;Njf;fpfs; gad;gLfpd;wd.

4. kpd;  toq;fpfspy; (Power  supplies) kpd;jpwd;  Vw;w  ,wf;fj;ijf;  Fiwg;gjw;Fk;
kpd;jpwd; mDg;gPl;by; mjd; gaDW jpwid mjpfhpf;fr; nra;aTk; kpd;Njf;fpfs;
gad;gLfpd;wd.
,Ug;gpDk;>  rpy  FiwghLfSk;  kpd;Njf;fpfSf;F  cs;sd.  kpd;fyidNah
kpd;toq;fpiaNah  mizj;j  gpd;Gk;  kpd;Njf;fpapy;  Njf;fp  itf;fg;gl;l
kpd;Jfs;fSk;  kpd;dhw;wYk;  rpwpJ  Neuk;  ,Uf;Fk;.  vLj;Jf;fhl;lhf>
njhiyf;fhl;rpg;  ngl;bia  mizj;j  cld;  rw;W  Neuk;  tiu  mjd;
gpd;gf;fj;ijj; njhlhky; ,Uj;jy; mtrpak;.

kpd;Njf;fpfspy; kpd;fhg;Gfspd; tpisT:

,Jtiu  ehk;  ghh;j;j  tpsf;fq;fspy;>  xU  kpd;Njf;fpapd;  ,izj;jl;LfSf;F
,ilNaAs;s ntspg;gFjp ntw;wplkhf cs;sjhfNth my;yJ fhw;why; epug;gl;ljhfNth
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vLj;Jf;  nfhz;Nlhk;.  kpd;fhg;Gg;  nghUs;fshd  ikf;fh>  fz;zhb  my;yJ  fhfpjk;
Nghd;wtw;iw  jl;LfSf;F  ,ilNa GFj;jpdhy;  kpd;Njf;fpapd;  kpd;Njf;Fj;jpwd;  khw;wk;
milAk;.

jl;LfSf;fpilNa kpd;fhg;gpid> ,U NtW epiyfspy; GFj;jyhk;.
1. kpd;fyDld; ,izg;G Jz;bf;fg;gl;l epiyapy; kpd;Njf;fp cs;sNghJ
2. kpd;fyDld; ,izf;fg;gl;l epiyapy; kpd;Njf;fp cs;sNghJ

kpd;fyDld; ,izg;G Jz;bf;fg;gl;l epiyapy; kpd;Njf;fp

A  FWf;F  ntl;Lg;  gug;gsTila  ,U  ,izj;jl;Lfs; d ,ilntspapy;  gphpj;J

itf;fg;gl;Ls;s  kpd;Njf;fp  xd;iwf;  fUJNthk;. Vokpd;dOj;jKila  kpd;fydhy;

kpd;Njf;fpahdJ Qokpd;D}l;lk; nfhz;l kpd;Jfs;fis Nrkpf;Fk; mstpw;F kpd;Ndw;wk;
nra;ag;gLfpwJ. ,e;epiyapy; kpd;Njf;fpapd; kpd;Njf;Fj;jpwd;

o
o

o

QC
V

=

kpd;fyDldhd  ,izg;igj;  Jz;bj;j  gpd;G>  jl;LfSf;F  ,ilNa  kpd;fhg;G
Eiof;fg;gLfpwJ.

kpd;fhg;ig  Eioj;j  cld;  jl;LfSf;fpilNaahd  kpd;Gyk;  FiwAk;.  Ma;tpd;

mbg;gilapy;> khw;wkile;j kpd;Gyj;ij (E) gpd;tUk; rkd;ghl;bdhy; mwpayhk;.

E = o

r

E
e

,q;F Eovd;gJ  kpd;fhg;G  ,y;yhj  epiyapy;  kpd;Njf;fpf;F  ,ilapy;  cs;s  kpd;Gyk;

kw;Wk; εr  vd;gJ  kpd;fhg;gpd;  rhh;G  tpLjpwd; (relative  permittivity) my;yJ  kpd;fhg;G

khwpyp vdg;gLk;. ,q;F εr> 1 vd;gjhy; E < EoMFk;.

,jd;  tpisthf>  jl;LfSf;fpilNa  cs;s  kpd;dOj;j  NtWghLk; (V  =  Ed) FiwAk;.
mNj  rkak;>  kpd;fyDld;  ,izg;G  ,y;yhjjhy;  Njf;fg;gl;l  kpd;Jfs;fs;  vq;Fk;

nry;yhJ. mjdhy; kpd;D}l;l kjpg;G Qok; khwhJ ,Uf;Fk;.
vdNt Gjpa kpd;dOj;j NtWghL>

o o

r r

E VV Ed d
e e

= = =

kpd;dOj;j  NtWghl;bw;F  vjph;jftpy;  kp;d;Njf;Fj;jpwd;  cs;sjhy;>V  Fiwa C
mjpfhpf;Fk;.

kpd;fhg;G cs;s epiyapy; kpd;Njf;Fj;jpwd;

o o
r r o

o

Q QC C
V V

e e= = =

εr>  1 Mjyhy; C  >  Co.  vdNt εrkhwpypAila  kpd;fhg;igg;  GFj;jpa  gpd;G
kpd;Njf;Fj;jpwd; mjpfhpf;fpd;wJ.

kpd;fhg;igg; GFj;jpa gpd;G kpd;Njf;Fj;jpwd; mjpfhpf;fpd;wJ.
rkd;ghL –d; gb

r o A AC
d d

e e e
= =

ε = εr, ε0,q;F ε  vd;gJ kpd;fhg;G Clfj;jpd; tpLjpwd; vdg;gLk;.

kpd;fhg;ig Eiof;Fk; Kd; kpd;Njf;fpapy; Nrkpf;fg;gl;l Mw;wy;
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2
01

2 o

QUo
C

=

kpd;fhg;G Eiof;fg;gl;l gpd;G> kpd;D}l;lk; QokhwhkYk; kpd;Njf;Fj;jpwd; C mjpfhpj;Jk;
fhzg;gLtjhy; Nrkpf;fg;gl;l Mw;wypd; msT FiwAk;.

2 2
0 0 0

0

1 1
2 2 r r

Q Q UU
C Ce e

= = =

εr> 1 Mjyhy; U < Uo kpd;fhg;igg; GFj;Jk;NghJ> mij kpd;Njf;fp cs;Ns ,Of;fpwJ.
,jw;fhf rpwpJ Mw;wy; nrytplg;gLtjhNyNa kpd;Njf;fpapd; Mw;wy; msT Fiwfpd;wJ.

kpd;fyDld; ,izf;fg;gl;l epiyapy; kpd;Njf;fp

kpd;dOj;jk; Vocila  kpd;fyDld;  kpd;Njf;fpahdJ  ,izf;fg;gl;l  epiyapNyNa
kpd;fhg;ig Eioj;jhy; vd;d Neh;fpwJ vd;gij ,g;NghJ ghh;g;Nghk;.

jl;LfSf;F  ,ilNaahd  kpd;dOj;j  NtWghL Vokhwhky;  ,Uf;Fk;.  Mdhy;
,e;epiyapy; kpd;fhg;igg; GFj;jpdhy; kpd;Njf;fpapy; Nrkpf;fg;gLk; kpd;Jfs;fspd; msT

εrklq;fhf caUk; vd;gij Ma;Tfspd; %yk; (,ij Kjypy; nra;J fhl;bath; ghuNl)
mwpfpNwhk;.

Q = εr Qo

kpd;Jfs;fspd;  msT  mjpfhpg;gjhy;>  kpd;Njf;Fj;jpwDk;  mjpfhpf;Fk;.  Gjpa
kpd;Njf;Fj;jpwd;

o
r r o

o o

Q QC C
V V

e e= = =

vdpDk;>  kpd;fyDld;  ,izf;fg;gl;l  epiyapYs;s  kpd;Njf;fpapd;  kpd;Njf;Fj;jpwd;
mjpfhpg;gjw;fhd  fhuzKk;  kpd;fyDld;  ,izg;G  Jz;bf;fg;gl;l  epiyapYs;s
kpd;Njf;fpapd; kpd;Njf;Fj;jpwd; mjpfhpg;gjw;fhd fhuzKk; ntt;ntW.

o
o

AC
d

e
=

kw;Wk;
AC

d
e

=

kpd;fhg;igg; GFj;Jtjw;F Kd; Nrkpf;fg;gl;l Mw;wy;

21
2o o oU C V=

,q;F
21

2
o

o
o

QU
C

= vd;w  rkd;ghl;il  ehk;  gad;gLj;jhjijf;  ftdpf;fTk;.  Vnddpy;>

kpd;Jfs;fspd;  msTk;  kpd;Njf;Fj;jpwDk;  khWfpd;w  ,e;Neh;tpy; Vo kl;LNk  khwhky;
cs;sJ.

kpd;fhg;ig  Eioj;jgpd;G>  kpd;Njf;Fj;jpwd;  mjpfhpf;fpwJ.  ,jdhy;  Nrkpf;fg;gl;l
Mw;wYk; mjpfhpf;fpwJ.

2 2
0 0 0 0

1 1
2 2 r rU CV C V Ue e= = =

εr> 1 Mjyhy; U > Uo

kpd;Njf;fpapd;  kpd;dOj;j  NtWghL Vokhwhky;  cs;sjhy;  jl;LfSf;fpilNa  epyTk;
kpd;GyKk; khwhky; ,Uf;Fk; vd;gijf; ftdpf;fTk;.

Mw;wy; mlh;j;jp 2
0

1
2

u Ee=
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,q;F εvd;gJ kpd;fhg;G Clfj;jpd; tpLjpwd; MFk;. ,k;KbTfs; fhl;lg;gl;Ls;sd.

t.vz; kpd;fhg;G
GFj;jg;gLk;

NghJ

kpd;D}l;lk;
Q

kpd;dOj;j
NtWghL

V

kpd;Gyk; E kpd;Njf;Fj;
jpwd; C

Mw;wy; U

1. kpd;fydpd;
,izg;G
Jz;bf;fg;gl;L
,Ue;jhy;

khwpyp FiwAk; FiwAk; caUk; FiwAk;

2. kpd;fyd;
,izf;fg;gl;L
,Ue;jhy;

caUk; khwpyp khwpyp caUk; caUk;

kpd;Njf;fpfs; njhlhpizg;gpYk; gf;f ,izg;gpYk;
njhlhpizg;gpy; kpd;Njf;fpfs;:

kpd;dOj;j  NtWghL V  nfhz;l  kpd;fyDld;  %d;W  kpd;Njf;fpfs;  njhlhpizg;gpy;

cs;sd  mtw;wpd;  kpd;Njf;fpj;jpwd;fs; C1,  C2kw;Wk; C3  kpd;fydpd;  kpd;  ,izg;G

nfhLf;fg;gl;lTld; C3  kpd;Njf;fpapd;  tyJgf;fj;  jl;il  Nehf;fp –Q  kpd;D}l;l
msTila  vyf;l;uhd;fs;  vjph;kpd;thapypUe;J  ,lk;ngah;fpd;wd.  ,k;kpd;D}l;lk;

mNjasT vyf;l;uhd;fis (-Q kpd;D}l;lk;) C3  kpd;Njf;fpapd;  ,lJgf;fj;  jl;bypUe;J

C2 d; tyJgf;fj; jl;il Nehf;fp tpul;Lfpd;wJ. ,J epiykpd; J}z;lypdhy; epfo;fpwJ.

,Nj Nghy; C2 ,d; ,lJ gf;fj;  jl;L>-Q kpd;D}l;l msTs;s vyf;l;uhd;fis C1 d;

tyJgf;fj;  jl;il  Nehf;fp  tpul;Lfpd;wJ.  epiykpd;  J}z;lypd;  tpisthy; C1  d;

,lJgf;fj;  jl;by;  +Q  kpd;D}l;lk;  cUthfpwJ.  mNj  rkak; C1  d;  ,lJgf;fj;

jl;bypUe;J –Q  msTs;s  vyf;l;uhd;fs;  kpd;fydpd;  Neh;kpd;thia  Nehf;fp
,lk;ngah;fpd;wd.

,e;epfo;Tfshy;  xt;nthU  kpd;Njf;fpapYk;  rk  msT  kpd;D}l;lk; Q  nfhz;l
kpd;Jfs;fs; Nrkpf;fg;gLfpwJ. kpd;Njf;fpfspd; kpd;Njf;Fj;jpwd; ntt;Ntwhf ,Ug;gjhy;
mit xt;nthd;wpd; FWf;Nf epyTk; kpd;dOj;j NtWghLk; ntt;Ntwhf ,Uf;Fk;. mit

KiwNa V1, V2kw;Wk; V3MFk;.

kpd;Njf;fpfspd; FWf;Nf fhzg;gLk; nkhj;j kpd;dOj;j NtWghL kpd;fydpd; kpd;dOj;j
NtWghl;Lf;Fr; rkkhf ,Uf;f Ntz;Lk;.

V = V1 + V2 + V3

Q = CV Mjyhy; V =
1 2 3

Q Q Q
C C C

+ +

1 2 3

1 1 1Q
C C C

æ ö
= + +ç ÷

è ø
njhlhpizg;gpYs;s %d;W kpd;Njf;fpfSk; xU jdpj;j kpd;Njf;fpia cUthf;Ftjhff;
nfhz;lhy;

s

QV
C

= rkd;ghL gpujpapl>

1 2 3

1 1 1

s

Q Q
C C C C

æ ö
= + +ç ÷

è ø

1 2 3

1 1 1 1

sC C C C
= + +

xU jdpj;j kpd;Njf;fpia cUthf;Ftjhff; nfhz;lhy;
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s

QV
C

= rkd;ghL gpujpapl>

vdNt>  kpd;Njf;fpfs;  njhlhpizg;gpy;  cs;sNghJ  njhFgad;  kpd;Njf;Fj;jpwd; Cs  d;
jiyfPo;  kjpg;ghdJ  xt;nthU  kpd;Njf;Fj;jpwdpd;  jiyfPo;  kjpg;Gfspd;  $LjYf;Fr;

rkkhFk;.  njhFgad;  kpd;Njf;Fj;  jpwdpd;  kjpg;G Cs  MdJ njhlhpizg;gpYs;s  kpff;
Fiwe;j kpd;Njf;Fj;jpwid tpl vg;NghJk; FiwthfNt ,Uf;Fk;.

gf;f ,izg;gpy; kpd;Njf;fpfs;:

kpd;dOj;j  NtWghL V  nfhz;l  kpd;fyDld;  %d;W  kpd;Njf;fpfs;  gf;f  ,izg;gpy;

cs;sd mtw;wpd; kpd;Njf;Fj;jpwd;fs; C1, C2 kw;Wk; C3kpd;Njf;fpfspd; xj;j gf;fq;fs;
kpd;fydpd;  xNu  Neh;Kid  kw;Wk;  vjph;kpd;KidAld;  ,izf;fg;gl;L  ,Ug;gjhy;>
xt;nthU  kpd;Njf;fpf;Ff;  FWf;Nf  Njhd;Wk;  kpd;dOj;j  NtWghL  rkkhfTk;  mJ
kpd;fydpd;  kpd;dOj;j  NtWghl;Lf;Fr;  rkkhfTk;  ,Uf;Fk;.  xt;nthU  kpd;Njf;fpapd;
kpd;Njf;Fj;jpwDk;  ntt;Ntwhf  ,Ug;gjhy;  mtw;wpy;  Njf;fg;gLk;  kpd;Jfs;fspd;
msTfSk;  ntt;NtwhfNt ,Uf;Fk;.  kpd;Njf;fpfspy;  Nrkpf;fg;gLk;  kpd;Jfs;  msTfs;

KiwNa Q1,Q2  kw;Wk; Q3  vd;f.  nkhj;j  kpd;D}l;l  khwh  tpjpapd;  gb  ,k;%d;W
kpd;Jfs;fspd; kpd;D}l;lq;fspd; $LjyhdJ kpd;fydpypUe;J ngwg;gl;l kpd;Jfs;fspd;

kpd;D}l;lk; Q f;F rkk; vdyhk;.

kpd;Jfs;fspd; kpd;D}l;lk; Q f;F rkk; vdyhk;.

Q = Q1 + Q2 + Q3

Q = CV vd;gjhy;

Q = C1V + C2V + C3V
,k;%d;W kpd;Njf;fpfSk; xU jdpj;;j kpd;Njf;fpia cUthf;Ftjhff; nfhz;lhy; mjpy;

Njf;fg;gLk; kpd;D}l;lk; Q = CpV vdyhk;.

rkd;ghL gpujpapl>

CpV = C1V + C2V + C3V
Cp = C1 + C2 + C3

kpd;Njf;fpfs;  gf;f  ,izg;gpy;  cs;sNghJ  mtw;wpd;  njhFgad;  kpd;Njf;Fj;jpwd; Cp
ahdJ  jdpj;jdp  kpd;Njf;fpfs;  kpd;Njf;Fj;jpwd;fspd;  $LjYf;Fr;  rkk;.  njhFgad;
kpd;Njf;Fj; jpwdpd; kjpg;G gf;f ,izg;gpYs;s  mjpfgl;r jdpj;j kpd;Njf;Fj;jpwid
tpl  vg;NghJk;  mjpfkhfNt  ,Uf;Fk;.  gf;f  ,izg;gpYs;s  kpd;Njf;fp  xt;nthd;wpd;
gug;gsitAk;  $l;Lk;NghJ fpilf;Fk;  njhFgad; gug;gsT mjpfkhf cs;sjhy;  mjd;
njhFgad; kpd;Njf;Fj;jpwDk; mjpfkhf cs;sJ.

kpd;flj;jpapy; kpd;Jfs;fspd; gutYk; $H;Kidr; nray;ghLk;
kpd;flj;jpapy; kpd;Jfs;fspd; guty;:

Muq;fs;  KiwNa r1,  r2nfhz;l A,  B  vd;w  ,U  kpd;flj;J  Nfhsq;fs;  xU  nky;ypa
flj;J  fk;gpapdhy;  xd;Nwhnlhd;W  ,izf;fg;gl;Ls;sd.  Nfhsq;fSf;F  ,ilg;gl;l
njhiyT mtw;wpd; Muq;fis tpl kpfTk; mjpfk; vd itf;fTk;.

VNjDk;  xU  Nfhsj;jpw;F Q  msT  kpd;D}l;lk;  nfhz;l  kpd;Jfs;fs;
mspf;fg;gLk;NghJ> ,U Nfhsq;fspd; kpd;dOj;jKk; rkkHFk; tiu ,k;kpd;Jfs;fs; ,U
Nfhsq;fspYk;  guTfpd;wJ.  ,g;NghJ  Nfhsq;fs;  rPuhd  kpd;Jfs;  gutiyg;  ngWtjhy;

epiykpd;  rkepiyia  milfpd;wd.  Nfhsk; A  d;  gug;gpy;  mikAk;  kpd;D}l;lk;

q1vdTk;>  Nfhsk; B  d;  gug;gpy;  mikAk;  kpd;D}l;lk; q2  vdTk;  nfhz;lhy;>Q  =  q1 +
q2flj;jpfspd;  Gwg;gug;gpNyNa  kpd;Jfs;fs;  gutpAs;sd.  NkYk;  flj;jpfspd;  cl;Gwk;
vt;tpj epfu kpd;D}l;lKk; ,Uf;fhJ.

Nfhsk; A d; gug;gpy; epiykpd;dOj;jk;
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1

1

1
4A

o

qV
rpe

=

Nfhsk; B d; gug;gpy; epiykpd;dOj;jk;

2

2

1
4B

o

qV
rpe

=

flj;jpapd;  gug;G  rk  kpd;dOj;jj;jpy;  ,Uf;Fk;.  NkYk;  Nfhsq;fs;  flj;J  fk;gpapy;
,izf;fg;gl;Ls;sjhy;  mtw;wpd;  gug;Gfs;  ,ize;J  xNu  rk  kpd;dOj;jg;  gug;ig
cUthf;Ffpd;wd.

VA = VB

my;yJ 1 2

1 2

q q
r r

=

Nfhsk; A  d;  kpd;D}l;lg;  gug;glh;j;jp 1s vdTk;  Nfhsk; B  d;  kpd;D}l;lg;  gug;glh;j;jp

2s vdTk; itg;Nghk;. ,jpypUe;J>
2

1 1 14q rp s= kw;Wk;

q2 = 4 2
2 2rp s rkd;ghL y; gpujpapl>

σ1r1 = σ2r2

,jd; %yk;

σ r = khwpyp

mjhtJ> Nfhsj;jpd; kpd;D}l;lg; gug;glh;j;jp σ mjd; Muj;jpw;F vjph;j;jftpy; cs;sJ.
Muk;  Fiwthf  ,Ue;jhy;  kpd;D}l;lg;  gug;glh;j;jp  mjpfkhf  ,Uf;Fk;  my;yJ  Muk;
mjpfkhf ,Ue;jhy; kpd;D}l;lg; gug;glh;j;jp Fiwthf ,Uf;Fk;.

$h;Kidr;  nray;ghL (Action  at  points) my;yJ  xsptl;l  kpd;dpwf;fk; (Corona
Discharge):

VNjDk; xU tbtKs;s kpd;D}l;lk; ngw;w flj;jp xd;iwf; fUJNthk;.

tisT Muk; Fiwthf gFjpfspy; kpd;D}l;lg; gug;glh;j;jp mjpfkhf ,Uf;Fk; vd;gij
ehk;  mwpNthk;.  flj;jpapy;  tisTj;jd;ik  mjpfKs;s  (Fiwe;j  Muk;)  Kidfspy;
kpd;Jfs;fs; mjpfkhff; Ftpfpd;wd.

,jdhy;  mk;Kidf;F  mUfpy;  kpd;Gyk;  kpFe;j  typikAld;  cs;sJ.  ,J
mg;gFjpapYs;s  fhw;iw  madpahf;fk;  nra;fpwJ.  ,g;NghJ>  $HKidf;F  mUfpYs;s
Neh;  kpd;Jfs;fs;  tpul;lg;gLfpd;wd>  vjph;  kpd;Jfs;fs;  $h;Kidia  Nehf;fp
ftug;gLfpd;wd.  ,jdhy;  flj;jpapd;  $h;Kidg;  gFjpapYs;s  kpd;Jfs;fspd;  nkhj;j
kpd;D}l;l  kjpg;G  FiwfpwJ.  ,ijNa  $H;Kidr;  nray;ghL  my;yJ  xsptl;l
kpd;dpwf;fk; vd;gh;.

kpd;dy; jhq;fp my;yJ kpd;dy; flj;jp:

caukhd fl;llq;fis kpd;dy; ntl;LfspypUe;J ghJfhf;f cjTk; xU fUtp kpd;dy;
flj;jp. ,J fl;lj;jpd; topNa jiuf;Fr; nry;Yk; xU ePz;l> jbj;j jhkpuj; jz;bidf;
nfhz;Ls;sJ. mjd; Nky;Kidapy; $h;KidAila Crpfs; nghUj;jg;gl;Ls;sd.

jz;bd;  fPo;  KidahdJ  mjpf  Moj;jpy;  Gijf;fg;gl;Ls;s  jhkpuj;  jl;Lld;
,izf;fg;gl;Ls;sJ.  vjph;  kpd;D}l;lk;  ngw;w  Nkfk;  fl;llj;jpd;  Nky;  nry;Yk;  NghJ>
flj;jpapd; $h;Kidfspy; Neh; kpd;D}l;lk; J}z;lg;gLfpwJ.
$h;  Kidfspy;  J}z;lg;gLk;  kpd;Jfs;fspd;  mlh;j;jp  mjpfkhjyhy;  $h;Kidr;
nray;ghL  epfo;fpwJ.  Neh;  kpd;D}l;lk;  ngw;Ws;s  ,e;j  kpd;Jfs;fs;  $H;KidfSf;F
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mUfpYs;s fhw;W %yf;$Wfis madpahf;fk; nra;fpd;wd. ,jd;%yk; cUthFk; Neh;
kpd;D}l;lq;fs;  Nkfj;jpYs;s  vjph;  kpd;D}l;lj;jpd;  xU  gFjpia  rkd;nra;fpwJ.
$HKidfis Nehf;fp  tpul;lg;gl;l  vjph;  kpd;Jfs;fs;>  jhkpuj;  jz;bd;  topNa  Gtpia
Nehf;fp  nry;fpd;wd.  kpd;dy;  flj;jp  kpd;diyj;  jLg;gjpy;iy.  khwhf jiuia Nehf;fp
kpd;diyj; jpUg;Gtjd; %yk; fl;llq;fisg; ghJfhf;fpwJ.

thd; - b – fpuhg; kpd;dpaw;wp:
1929  Mk;  Mz;by;  uhgh;l;  thd;  b  fpuhg;  vd;gth;  gy  kpy;ypad;  Nthy;l; (107V)
mstpyhd  kpf  mjpf  epiykpd;dOj;j  NtWghl;il  cUthf;Fk;  ve;jpuk;  xd;iw
tbtikj;jhh;. thd; b fpuhg; ,aw;wpapd; nray;ghL epiykpd; J}z;ly; kw;Wk; $h;Kidr;
nray;ghL  Mfpa  jj;Jtq;fspd;  mbg;gilapy;  mikfpwJ.  kpd;fhg;G  ngw;w  jhq;fpapd;

kPJ xU nghpa cs;sPlw;w kpd;flj;J Nfhsk; nghUj;jg;gl;Ls;sJ. Nfhsj;jpd; eLtpy; B
vd;w  fg;gpAk;  jhq;fpapd;  mbg;gFjpf;F  mUfpy; C  vd;w  fg;gpAk;  nghUj;jg;gl;Ls;sd.
kpd;flj;jhg; nghUs;fshd gl;L my;yJ ,ug;guhy; nra;ag;gl;l gl;il xd;W fg;gpfspd;

topNa  nry;fpwJ.  fg;gp C  kpd;Nkhl;lhh;  xd;wpdhy;  njhlh;e;J  ,af;fg;gLfpwJ.

fg;gpfSf;F  mUNf  $h;Kidfs;  nfhz;l D  kw;Wk; E Mfpa  ,U  rPg;G  tbtf;
flj;jpfs; ,izf;fg;gl;Ls;sd.

kpd; toq;fpapd; %yk; mstpyhd Neh; kpd;dOj;j NtWghl;by; rPg;G D itf;fg;gLfpwJ.

rPg;G E MdJ Nfhsff; $l;bd; cl;Gwk; ,izf;fg;gl;Ls;sJ.

rPg;G D  f;F  mUfpYs;s  cah;  kpd;Gyj;jpdhy;>  rPg;G D  f;Fk;  gl;ilf;Fk;  ,ilapyhd
gFjpapYs;s fhw;W madpahf;fg;gLfpwJ.  Neh;  kpd;Jfs;fs;  gl;ilia Nehf;fpAk;  vjph;

kpd;Jfs;fs;  rPg;G D I  Nehf;fpAk;  efh;fpd;wd.  ,e;j  Neh;  kpd;Jfs;fs;  gl;ilapy;

xl;bf;nfhz;L  Nky;Nehf;fpr;  nry;fpd;wd.  ,it  rPg;G E  I  neUq;Fk;NghJ  epiykpd;
J}z;lyhy;  mjpfstpyhd  vjph;  kw;Wk;  Neh;  kpd;Jfs;fs;  rPg;gpd;  ,UKidfspYk;

cUthfpd;wd.  NkYk;  Neh;  kpd;Jfs;fs;  rPg;G E ypUe;J  tpul;lg;gl;L  Nfhsj;jpd;
Gwg;gFjpia  milfpd;wd.  Nfhsk;  flj;jpg;nghUshy;  Mdgbahy;  Neh;  kpd;Jfs;fs;
Nfhsj;jpd;  Gwg;gug;gpy;  rPuhfg;  guTfpd;wd.  mNj  rkak;>  xsptl;l  kpd;dpwf;fj;jhy;
gl;ilapYs;s  Neh;  kpd;Jfs;fis  fhw;wpYs;s  vjph;  kpd;Jfs;fs;  rkd;  nra;fpd;wd.
gpd;dh; gl;il fg;gpapd; topNa fPNo nry;fpwJ.

gl;il  fPopwq;Fk;NghJ>  kpd;D}l;lkw;w  epiyia  milfpwJ.  fpNoAs;s  rPg;ig
neUq;fpaTld;  kPz;Lk;  mjpf  Neh;  kpd;Jfs;fis  gl;il  Vw;fpwJ.  NkNy  nrd;w  gpd;
mJ  kPz;Lk;  Neh;  kpd;Jfs;fis  Nfhsj;jpd;  Gwg;gug;gpw;F  mspf;fpd;wJ.  ,e;epfo;T

njhlh;e;J  Vw;gLfpwJ.  Nfhsj;jpd;  Gwg;gug;gpy;  ngUk  mstpy;  fpl;lj;jl;l 107 V
kpd;dOj;j  NtWghL  cUthFk;  tiu  ,J  njhlh;fpwJ.  Nkw;nfhz;L  Nfhsj;jpy;
kpd;Jfs;fs;  Vw;fg;gl Kbahj epiyia vl;baTld;>  fhw;wpd;  madpahf;fk;  fhuzkhf
kpd;Jfs;fs;  frpaj;  njhlq;Ffpd;wd.  cah;  mOj;jj;jpy;  thA  epug;gg;gl;l  v/Ff;
fyj;jpdhy;  Nfhsj;ij  %Ltjd;  %yk;>  Nfhsj;jpypUe;J  kpd;Jfs;fspd;  frptpidf;
Fiwf;fyhk;.

thd;  b  fpuhg;  ,aw;wpapd;  %yk;  ngwg;gLk;  cah;  kpd;dOj;j  NtWghL  mZf;fUg;
gpsitapy;  gad;gLk;  Neh;  madpfis  (GNuhl;lhd;fs;  kw;Wk;  bA+l;buhd;fs;)
KLf;Ftpf;fg; gad;gLfpwJ.
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12 ,aw;gpay;
myF 2

kpd;Ndhl;ltpay;

mwpKfk;

myF 1 ,y; ehk; kpd;Jfs;fs; Xa;tpy; cs;sNghJ mtw;wpd; gz;Gfisg; gw;wp
mwpe;Njhk;.  Mdhy;  eilKiwapy;  nghUl;fspy;  cs;s  kpd;Jfs;fs;  Xa;tpy;yhky;
vg;NghJk;  ,aq;fp  nfhz;Nl  ,Uf;Fk;.  vLj;Jf;fhl;lhf  jhkpuf;  fk;gpapy;  cs;s
vyf;l;uhd;fs;  Xa;tpy;yhky;  njhlh;e;J  ntt;NtW  jpirfspy;  rPuw;w  Kiwapy;  ,aq;fp
nfhz;Nl  ,Uf;Fk;.  vdNt  ,af;fj;jpYs;s  kpd;Jfs;fspd;  gz;Gfis  gFj;jhuha;tJ
,d;wpaikahjJ  MFk;.  ,e;j  kpd;Jfs;fspd;  ,af;fNk  kpd;Ndhl;lk;
vd;wiof;fg;gLfpwJ.  kpd;Ndhl;ltpay;  vd;gJ  kpd;Jfs;fspd;  ,af;fj;ijg;gw;wpa  gphpT
MFk;.  ,g;gphpthdJ  myrhz;Nuh  Nthy;Nlh  (1745-1827)  tpd;  fz;Lgpbg;ghd
kpd;fyq;fspy;  njhlq;fpaJ.  ,e;j  kpd;fyq;fNs>  epiyahd  kpd;Ndhl;lj;ij  Kjd;
Kjypy;  toq;fpd.  etPd  cyfk;  kpd;Ndhl;lj;jpd;  gad;ghl;il  ngUksT rhh;e;Js;sJ.
kpd;Ndhl;lkhdJ ,ae;jpuq;fis ,af;Fjy;> jfty; njhlh;G mikg;Gfs;> kpd;dZtpay;
fUtpfs; kw;Wk; tPl;L cgNahf rhjdq;fs; Nghd;wtw;wpy; gad;gLfpd;wJ.

,e;j  mytpy;>  ehk;  kpd;Ndhl;lk;>  kpd;jil  kw;Wk;  nghUl;fspy;  ,it  rhh;e;j
epfo;Tfisg;gw;wp gapy cs;Nshk;.

kpd;Ndhl;lk;

gUg;nghUs; vd;gJ mZf;fshy; MdJ. xt;nthU mZtpYk; Neh;kpd;D}l;lk; (Positive
charge)  ngw;w  cl;fUTk;  (Nucleus)  mjid  Rw;wp  vjph;kpd;D}l;lk;  ngw;w
vyf;l;uhd;fSk;  cs;sd.  NkYk;  cNyhfq;fspy;  cs;s  mZf;fspy;  xd;W  my;yJ

mjw;F  Nkw;gl;l  fl;Lwh  vyf;l;uhd;fs;  (Free  electrons -  cl;fUTld;  jsHthf
gpizf;fg;gl;l  vyf;l;uhd;fs;)   cs;sd.  ,e;j  fl;Lwh  cyf;l;uhd;fis mZtpypUe;J
vspjpy;  gphpj;njLf;fyhk;   (ePf;fyhk;).  fl;Lwh  vyf;l;uhd;fis  mjpfk;  nfhz;Ls;s

nghUl;fis  flj;jpfs;  (Conductors)  vd;fpNwhk;.  rhjhuz  ntg;gepiyfspy;  fl;Lwh
vyf;l;uhd;fs; flj;jp KOtJk; vy;yh jpirfspYk; rPuw;w Kiwapy; ,aq;Ffpd;wd. ,e;j
rPuw;w  ,af;fj;jpd;  fhuzkhf>  flj;jpapd;  xUKidapypUe;J  kw;nwhU  Kidf;F
vt;tpjkhd epfu  kpd;Jfs;fs;  ghpkhw;wKk;  ,Uf;fhJ:  vdNt kpd;Ndhl;lKk;  ,Uf;fhJ.
flj;jpapd;  KidfSf;fpilNa  kpd;fyj;jpd;  cjtpAld;  kpd;dOj;j  NtWghl;il
Vw;gLj;jpdhy;>  fl;Lwh  vyf;l;uhd;fs;  kpd;fyj;jpd;  Neh;kpd;thia  Nehf;fp  ,Oj;Jr;
nry;yg;gLfpd;wd. ,jd; %yk; epfu kpd;Ndhl;lk; cUthfpwJ.

gjpndhd;whk; tFg;G ,aw;gpay; Gj;jfk; njhFjp 2 myF 6 y; ehk; cah; <h;g;G
mOj;jj;jpypUe;J  jho;  <h;g;G  mOj;jj;jpw;F  epiwfs;  nry;tijg;gw;wp  gapd;Nwhk;.
,NjNghy;  Neh;kpd;Jfs;fs;  mjpf  kpd;dOj;jj;jpypUe;J  Fiwe;j  kpd;dOj;jj;jpw;Fk;>
vjph;kpd;;Jfs;fs;  Fiwe;j  kpd;dOj;jj;jpypUe;J  mjpf  kpd;dOj;jjpw;Fk;  nry;fpd;wd.
vdNt  kpd;fyj;  njhFg;G  my;yJ  kpd;fyk;  vd;gJ  flj;jpapd;  KidfSf;fpilNa
kpd;dOj;j NtWghl;il cUthf;FtNj.

xU  flj;jpapy;  kpd;Ndhl;lk;  vd;gJ  nfhLf;fg;gl;l  FWf;F  ntl;L  gug;G A
topahf kpd;Jfs;fs; ghAk; tPjk; MFk;.

 t vd;w Neuj;jpy; xU flj;jpapd; VNjDk; xU FWf;Fntl;Lg;gug;G topahf ghAk;

kpd;Jfs;fspd;  epfu  kpd;D}l;lk; Q vdpy;>  mf;flj;jpapy;  ghAk;  kpd;Ndhl;lk;  vd;gJ
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QI
t

= MFk;.  vdpDk;  xU  flj;jpapy;  kpd;Jfs;fspd;  Xl;lk;  vg;NghJk;  khwpypahf

,Ug;gjpy;iy. vdNt nghJthf kpd;Ndhl;lj;ij gpd;tUkhW tiuaiw nra;ayhk;.

I ruhrhp = Q
t

D
D

,q;F ΔQ vd;gJ Δt vDk; Neu ,ilntspapy; flj;jpapd; VNjDk; xU FWf;F
ntl;Lg;gug;G  topahf  ghAk;  kpd;Jfs;fspd;  kpd;D}l;l  msT  MFk;.  Neuj;jijg;
nghWj;J  kpd;  Jfs;fspd;  gha;T  khwpdhy;>  kpd;Ndhl;lKk;  Neuj;ijg;nghUj;J
khw;wkilAk;. vdNt kpd;Ndhl;lk; vd;gJ ruhrhp kpd;Ndhl;lj;jpd; vy;iy kjpg;G MFk;.

(Δt → 0)
   I =

0
lim

t

Q dQ
t dtD ®

D
=

D
kpd;Ndhl;lj;jpd; SI myF Mk;gpah; (A) MFk;.

1A = 1
1
C
s

xU  $Y}k;  kpd;D}l;lk;  nfhz;l  kpd;Jfs;fs;  xU  tpdhb  Neuj;jpy;  nrq;Fj;jhd
FWf;Fntl;Lg;gug;igf; fle;jhy; Vw;gLk; kpd;Ndhl;lNk xU Mk;gpah; kpd;Ndhl;lk; MFk;.
kpd;Ndhl;lk; vd;gJ ];Nfyh; msthFk;.

vLj;Jf;fhl;L

xU jhkpuf; fk;gpay; 1 epkplj;jpw;F 120C kpd;D}l;lk; nfhz;l kpd;Jfs;fs; gha;e;jhy;
fk;gp topNa nry;Yk; kpd;Ndhl;lj;jpd; kjpg;ig fhz;f

jPh;T

fk;gpapy;; kpd;Ndhl;lk; [kpd;Jfs;fspd; ghAk; tPjk;]
I = Q

t
= 120

60
 =2A

kuG kpd;Ndhl;lk;

(kuG kpd;Ndhl;lj;jpd; jpir kw;Wk; vyf;l;uhd; ghAk; jpir)

xU  kpd;Rw;wpy;  kpd;Ndhl;lk;  ghAk;  jpiria  Rl;bf;fhl;l  mk;Gf;Fwpfs;
gad;gLj;jg;gLfpd;wd.  kuGg;gb>  kpd;Rw;wpy;  kpd;Ndhl;lk;  Neh;kpd;  thapypUe;J
vjph;kpd;thAf;F  ghAk;.  ,e;j  kpd;Ndhl;lNk  kuG  kpd;Ndhl;lk;  my;yJ  kpd;Ndhl;lk;

vdg;gLk;. ,k;kuG kpd;Ndhl;lj;jpd; jpirNa Nrhjid Neh;kpd;Jfs; (Positive test charge)
nry;Yk;  jpirahFk;.  Mdhy;  kpd;Rw;Wfspy;  cz;ikapy;  vyf;fl;uhd;fNs
vjph;kpd;thapypUe;J Neh;kpd;tha;f;F gha;fpd;wd. vdNt vyf;l;uhd;fs; nry;Yk; jpirAk;>
kuG kpd;Ndhl;lj;jpd; jpirAk; vjph; vjph;j;jpirapy; ,y; cs;sthW mikfpd;wd.

fzpj hPjpahf ghh;j;jhy; Neh;kpd;Jfs;fs; xU jpirapy; nry;tJ mjw;Fr; rkkhd
kpd;D}l;lk; nfhz;l  vjph;kpd;Jfs;fs; vjph;j;jpirapy; nry;tjw;Fr; rkkhFk;.

kpd;Ndhl;lkhdJ kpd;fy  mLf;Ffshy;  kl;Lk;  cw;gj;jp  nra;ag;gLfpd;wd  vd;gjpy;iy.
,aw;ifapy;  Vw;gLk;  kpd;dy;ntl;L  kpff;FWfpa  fhyj;jpy;  kpf  mjpf  kpd;Ndhl;lj;ij
Vw;gLj;Jk;.  kpd;dypd;NghJ>  Nkffq;fSf;Fk;  jiuf;Fk;  (Gtpf;Fk;)  kpf  mjpf  msT
kpd;dOj;j  NtWghL  Njhd;Wtjhy;  Nkfq;fspypUe;J  jiuf;Nfh  (Gtpf;F)  my;yJ
jiuapypUe;J Nkfj;Jf;Nfh kpd;Jfs; gha;fpwJ.

,Og;Gj;jpirNtfk;
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flj;jpfspy;  ,Uf;Fk;  fl;Lwh  vyf;l;uhd;fNs  kpd;D}l;lj;ij  vLj;Jr;nry;Yk;
Ch;jpfshFk;.  ,e;j vyf;l;uhd;fs;  flj;jp  KOtJk;  vspjpy;  ,aq;fp  njhlh;e;J Neh;kpd;

madpfs;  kPJ NkhJk;.  ntspg;Gw kpd;Gyk;  (External  Electric  field)  ,y;yhj epiyapy;>
vyf;l;uhd;fs;  ntt;NtW  jpirfspy;  nry;fpd;wd.  vdNt  mtw;wpd;  jpirNtfq;fSk;
ntt;Ntwhdit.  ntspg;Gw  kpd;Gyk;  ,y;yhj  epiyapy;  ruhrhpahf  VNjDk;  xU
jpirapy;  gazpf;Fk;  vyf;l;uhd;fspd;  vz;zpf;ifahdJ  mjw;F  vjph;j;jpirapy;
gazpf;Fk;  vyf;l;uhd;fspd;  vz;zpf;iff;F  rkkhf  mikAk;.  vdNt  ve;j  jpirapYk;
vyf;l;uhd;fspd; epfu ,af;fk; ,Ug;gjpy;iy. vdNt xU flj;jpapy; ntspg;Gw kpd;Gyk;
,y;yhj epiyapy; epfu kpd;Ndhl;lKk; ,Uf;fhJ.

flj;jpapd; KidfSf;fpilNa kpd;fy mLf;if ,izj;J kpd;dOj;j NtWghl;il

cUthf;fpdhy; flj;jpapDs; kpd;Gyk; E
®

 cUthf;fg;gLk;. ,e;j kpd;Gyk; vyf;l;uhd;fspd;
kPJ  tpiria  Vw;gLj;jp>  kpd;Ndhl;lj;ij  cUthf;Fk;.  ,q;F  kpd;Gyk;  vyf;l;uhd;fis
KLf;Fk; Mdhy; madpfs; vyf;l;uhd;fis rpjwbj;J vyf;l;uhd;fspd; ,af;f jpiria
khw;Wk;.  vdNt  vyf;l;uhd;fspd;  ghij  FWf;F  neLf;fhf  mikAk;.  ,e;j  Nkhjypd;
fhuzkhf Vw;gLk; FWf;F neLf;F ,af;fj;Jld; $Ljyhf vyf;l;uhd;fs; flj;jp topNa

E
®

,d; jpirf;F vjph;j;jpirapy; xU Fwpg;gpl;l jpirNtfj;jpy; nkJthfr; nry;Yk;.

madpfs;

ve;j xU nghUSk; vyf;l;uhd;fs; kw;Wk; GNuhl;lhd;fid rkkhf vz;zpf;ifapy;
nfhz;L eLepiyj;  jd;ikAld;  mikAk;.  ntspf;fl;by;  cs;s vyf;l;uhd;fs;  mZit
tpl;L  ntspNawpdhy;>  mJ  fl;Lwh  vyf;fl;uhdhf  khwp  kpd;Ndhl;lj;ij  Vw;gLj;Jk;.
ntsptl;l  vyf;l;uhid  ,oe;j  mZ  mjpf  Neh;kpd;D}l;lj;ij  nfhz;bUf;Fk;.  vdNt
mJ  Neh;kpd;  madp  vdg;gLk;.  ,e;j  madpfs;  fl;Lwh  vyf;l;uhd;fis  Nghd;W
Rje;jpukhf ,aq;f ,ayhJ.

vyf;l;uhdpd; rPuw;w ,af;fKk;> ,Og;Gj; jpirNtfKk;

,e;jj;  jpirNtfk;  ,Og;Gj;  jpirNtfk; du
®

vdg;Lk;.  vdNt  ,Og;Gj;jpirNtfk;

vd;gJ flj;jpapy;  cs;s vyf;l;uhd;fis kpd;Gyj;jpw;F cl;gLj;Jk;NghJ mit ngWk;
ruhrhpj;  jpirNtfk;  MFk;.  mNjNghy;  ,U  mLj;jLj;j  Nkhjy;fSf;fpilg;gl;l  ruhrhp

Neuk; vd;gJ ruhrhp jsh;T Neuk; t vdg;gLk;. E
ur
vd;w kpd;Gyj;jpdhy; vyf;l;uhd; ngWk;

KLf;fk; a
r
vdpy;

eEa
m

-
=

ur
r

 (Vnddpy; F eE= -
ur ur

)

,Og;Gj; jpirNtfk; du
®

dv at=
r r

d
ev E
m
t

=
r ur

dv Em= -
r ur

,q;F
e
m
tm = vd;gJ  vyf;l;uhd;fspd;  ,af;f  vz;  MFk;.  ,af;f  vz;  vd;gJ  xuyF

kpd;Gyj;jpdhy; Vw;gLk; ,Og;Gj;jpirNtfj;jpd; vz;kjpg;G MFk;.
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dv

E
m =

r

ur

,af;f vz;zpd; SI myF m2V-1s-1

xU  flj;jpapy;  ,Og;G  jpirNtfj;jpd;  nghJthd  kjpg;G 10-4  ms-1 MFk;.  ,e;j
kpfr;rpwpa jpirNtfj;jpy; vyf;l;uhd;fs; nrd;why;> kpd; Rw;wpy; cs;s kpd; tpsf;if
mila gykzp Neuk;  MFk;.  gpwnfg;gb kpd;fyj;jpd;  ];tpl;ir mOj;jpaTld;  kpd;
tpsf;F  xsph;fpwJ?  kpd;  fyj;jpd;  ];tpl;R  ,af;fg;gl;lTld;  vyf;l;uhd;fs;
kpd;fyj;jpd; vjph; kpd; KidapypUe;J tpyfp efh;e;J mUfpYs;s vyf;l;uhd;fs; kPJ
tpiria  Vw;gLj;Jk;.  ,e;epfo;T  flj;jp  topNa  xspapd;  jpirNtfj;jpy;  nry;Yk;
kpd;Gyj;ij  cUthf;Fk;.  mjhtJ  kpd;fyj;jpypUe;J  Mw;wyhdJ  kpd;tpsf;fpw;F
xspapd;  jpirNtfj;jpy;  kpd;Gyj;jpd;  %yk;  guTfpwJ.  ,jd;  fhuzkhf  ];tpl;;ir
,af;fpaTld; kpd; tpsf;F xsph;fpwJ.

kpd;Ndhl;lk; gw;wpa jtwhd fUj;Jfs;:

1. kpd;fyk; vyf;l;uhd;fis kpd;Rw;Wf;F mspf;fpwJ vd;w xU fUj;J epyTfpwJ. ,J
Kw;wpYk; jtwhdJ. xU kpd;fyj;ij fk;gpapd; ,U KidfSf;fpilNa ,izf;Fk;
NghJ>  fk;gpapy;  cs;s  vyf;l;uhd;fNs  kpd;Ndhl;lj;ij  cUthf;Fk;.  kpd;fykhdJ
flj;Jk; fk;gpapy; kpd;dOj;j NtWghl;il epWtp mjd; %yk; ,e;j vyf;l;uhd;fis
Fwpg;gpl;l  jpirapy;  ghar;  nra;fpwJ.  ,e;j  kpd;dOj;jNtWghl;bd;  %yk;  Njhd;Wk;
kpd; Mw;wyhdJ kpd;tpsf;F> kpd;tprpwp Kjypatw;wpy; gad;gLfpwJ. ,NjNghy; ekJ
tPLfspy;  cs;s kpd;rhjdq;fSf:F Njitahd kpd;dhw;wiyj;jhd;  kpd;rhu  thhpak;
toq;FfpwJ.

2. miyNgrpia  gad;gLj;Jk;NghJ  gpd;tUk;  thf;fpaq;fis  ehk;  md;whlk;
gad;gLj;JNthk;. mit “vd;Dila miyNgrp kpd;fyj;ij kpd;Ndw;wk; nra;fpNwd;”
(Charging  the  battery  in  my  mobile) kw;Wk;  vd;Dila  miyNgrp  kpd;fyj;jpy;

kpd;Jfs;fs;  ,y;iy” (My  mobile  phone  battery  has  no  charge)” ,J  Nghd;w
thf;fpaq;fs; jtwhdit.

miyNgrp  kpd;fyj;jpy;  kpd;Jfs;fs;  ,y;iy  vd;W  nrhy;tjd;  nghUs;
‘kpd;fykhdJ  Mw;wiyj;  ju  ,aytpy;iy  my;yJ  kpd;Rw;wpy;  cs;s
vyf;l;uhd;fSf;F  kpd;dOj;j  NtWghl;il  ju  ,aytpy;iy”  vd;gjhFk;.  NkYk;

“miyNgrp  kpd;Ndw;wk;  milfpwJ” (mobile  is  charging) vd;gjpd;  nghUs;

miyNgrpapd;  kpd;fykhdJ (Battery)  AC kpd;dOj;j  %yj;jpypUe;J  Mw;wiy
kl;LNk ngWfpwJ vyf;l;uhd;fis my;y vd;gNj MFk;.

kpd;Ndhl;lj;jpd; Ez; khjphp (Microscopic model of current)

FWf;F  gug;G A  nfhz;l  flj;jpapy;  kpd;Gyk; E
ur

MdJ  tyg;Gwj;jpypUe;J
,lJGwkhf  nray;gLfpwJ  vd;f.  NkYk;  XuyF  gUkdpy;  cs;s  vyf;l;uhd;fspd;
vz;zpf;if n  MFk;.  NkYk;  mit  midj;Jk;  rkkhd  ,Og;Gj;  jpirNtfk;

dv
r
nfhz;L ,aq;Ffpd;wd.

vyf;l;uhd;fspd; ,Og;Gj;jpirNtfk; = vd dt vDk; rpwpa Neu ,ilntspapy; vyf;l;uhd;fs;

dx njhiyTf;F efh;fpwJ vdpy;

;d d
dxv dx v dt
dt

= =

flj;jpapd; FWf;Fntl;Lgug;G A vdpy;> ,g;gUkdpy; dx ePsj;jpy; cs;s vyf;l;uhd;fspd;
vz;zpf;if

= gUkd; × xuyF gUkdpy; cs;s vyf;l;uhd;fspd; vz;zpf;if
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= Adx × n
cs;s dx kjpg;ig rkd;ghL gpujpapl

= (A vd dt) n
xU  kpfr;rpwpa  gUkdpy; (Volume  element) cs;s  kpd;Jfs;fspd;  nkhj;j  kpd;D}l;lk;
dQ = (kpd;D}l;lk;) × (gUkf; $wpy; cs;s vyf;l;uhd;fspd; vz;zpf;if)

dQ = (e) (Avd dt) n

vdNt kpd;Ndhl;lk;
dQI
dt

=

I = ne Avd

kpd;Ndhl;l mlh;j;jp (J)

kpd;Ndhl;l mlh;j;jp vd;gJ flj;jpapd; xuyF FWf;Fntl;Lg; gug;G topahf ghAk;
kpd;Ndhl;lj;jpd; msthFk;.

IJ
A

=

kpd;Ndhl;l mlh;j;jpapd; SI myF 2

A
m

mjhtJ A m-2.

dneAvJ
A

=

J = nevd

Nkw;fz;l  rkd;ghL  vd;gJ  kpd;Ndhl;lj;jpd;  jpirahdJ  gug;G A  tpw;F  nrq;Fj;jhf
,Ue;jhy;  kl;LNk  rhpahf  mikAk;.  nghJthf>  kpd;Ndhl;l  mlh;j;jp  xU  ntf;lh;
msthFk;. ,jid gpd;tUkhW Fwpg;gplyhk;.

4J nev=
ur r

ypUe;J 4v
r

d; kjpg;ig gpujpaplyhk;.
2n eJ E

m
t-

=
ur ur

J Es= -
ur ur

,Jtiu  ehk;  vyf;l;uhd;fs;  nry;Yk;  jpiriaf;  fzf;fpy;  vLj;Jf;  nfhz;Nlhk;.

mjdhy;jhd;  NkNy  cs;s  rkd;ghl;by; J
ur

MdJ E
ur

f;F  vjph;j;jpirapy;  mikfpwJ.
Mdhy;  kuGg;gb>  kpd;Ndhl;l  mlh;j;jpapd;  jpirahdJ  Neh;kpd;Jfs;  nry;Yk;
jpirapNyNa  (kpd;Gyj;jpd;  jpir)  mikAk;.  vdNt  Nkw;fz;l  gpd;tUkhW
vOjg;gLfpwJ.

J Es=
ur ur

,q;F
2ne

m
t

s = vd;gJ kpd;flj;J vz; vdg;gLk;. Xk; tpjpapd; Ez; tbtk; MFk;.

kpd;flj;J vz;zpd; jiyfPo; kjpg;G kpd;jil vz; (ρ) MFk;.

2

1 m
ne

r
s t

= =

kpd;Ndhl;l mlh;j;jp xU ntf;lh; msT. Mdhy; kpd;Ndhl;lk; xU ];Nfyh; msT Vd;?
nghJthf kpd;Ndhl;lk; I vd;gJ kpd;Ndhl;l  mlh;j;jp  kw;Wk;  kpd;Jfs;fs;  ghAk;  gug;G
ntf;lh; Mfpatw;wpd; Gs;spg;ngUf;fk; MFk;.

.I J A=
ur ur

Nkw;gug;G A  tpd;  nrq;Fj;J  ntf;lhpd;  jpiriag;  nghWj;J  kpd;Ndhl;lk; I MdJ
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Neh;f;Fwp my;yJ vjph;f;Fwpiag; ngWk;.

kpd;Ndhl;lk; xU ];Nfyh;

Xk; tpjp
Xk; tpjpahdJ J  =  E vd;w rkd;ghl;bypUe;J ngwg;gLfpwJ. l ePsKk; A FWf;F ntl;L
gug;Gk; nfhz;l fk;gpapd; xU gFjpia fUJNthk;.

fk;gpapd;  KidfSf;fpilNa V  vDk;  kpd;dOj;j  NtWghl;il  mspf;Fk;  NghJ>
fk;gpapy;  epfu kpd;Gyk;  Njhd;wp  kpd;Ndhl;lj;ij cUthf;Fk;.  fk;gpapd;  ePsk;  KOtJk;

kpd;GykhdJ rPuhdjhf cs;sjhff; fUjpdhy;> kpd;dOj;j NtWghL (Nthy;Nl[;) V ia
gpd;tUkhW vOjyhk;.

V = El
kpd;Ndhl;l mlh;j;jpapd; vz;kjpg;G

J =  E =  V
l

mNjNghy;
IJ
A

= vdNt gpd;tUk; vOjyhk;.

Nkw;fz;l rkd;ghl;il khw;wp mikf;Fk;NghJ> ekf;F fpilg;gJ

lV I
As

æ ö= ç ÷
è ø

\

,r;rkd;ghl;by;
l
As

vd;gJ flj;jpapd; kpd;jil R MFk;. ,jpypUe;J ehk; mwptJ> xU

flj;jpapd;  kpd;jilahdJ  flj;jpapd;  ePsj;jpw;F  Neh;j;jftpYk;>  mf;flj;jpapd;
FWf;Fntl;Lg;  gug;gpw;F  vjph;j;jftpYk;  mikfpwJ  vd;gNj.  vdNt  Xk;  tpjpapd;
gad;ghl;L tbtj;ij gpd;tUkhW vOjyhk;.

V = IR
Nkw;fz;l  rkd;ghl;bd;gb>  flj;jpapd;  kpd;jil  vd;gJ  flj;jpapd;  KidfSf;fpilNa
cs;s  kpd;dOj;j  NtWghl;bw;Fk;  flj;jpapd;  topNa  kpd;Ndhl;lj;jpw;Fk;  cs;s
jfthFk;.

VR
I

=

kpd;  jilapd; SI myF  Xk;  (Ω) rkd;ghL  %yk;  ehk;  mwptJ>  kpd;Ndhl;lk;  kw;Wk;
kpd;dOj;j NtWghl;bw;Fk;  (Nthy;Nl[;)  ,ilg;gl;l  tiuglk;  xU Neh;f;NfhlhFk;.  ,e;j

Neh;Nfhl;bd; rha;T kpd;jil R d; jiyfPo; kjpg;Gf;Fr; rkkhFk;.

xU  nghUspd;  kPJ  nry;Yk;  kpd;Ndhl;lk;  kw;Wk;  mg;nghUspd;  FWf;Nf  cs;s
kpd;dOj;j  NtWghL  Mfpa  ,uz;bw;Fkhd  tiuglk;  Neh;f;Nfhlhf  mike;jhy;>
,g;nghUl;fs; Xk; tpjpf;F cl;gLk; nghUl;fs; MFk;.

kpd;Ndhl;lk;  kw;Wk;  kpd;dOj;j  NtWghl;bw;fhd  tiuglk;  Neh;Nfhlhf  mikahky;
rpf;fyhd  tbtpy;  ,Ue;jhy;  ,t;tif  nghUl;fs;  my;yJ  fUtpfs;  Xk;  tpjpf;F
cl;gLtjpy;iy. NkYk; ,t;tif nghUl;fSf;F kpd;jil khwpypahfTk; mikahJ.

kpd;jil vz;
xU flj;jpapd; kpd;jil
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lR
As

=

vd Kd;gFjpapy; fz;Nlhk;. ,q;F  vd;gJ mf;flj;jpapd; kpd;flj;J vz; MFk;. ,J
flj;jp  nra;ag;gad;gLk;  nghUspd;  jd;ikia  kl;LNk  rhh;e;jJ.  Mdhy;  flj;jpapd;
msitNah> tbtj;ijNah nghWj;jJ my;y.

xU  nghUspd;  kpd;jil  vz;  vd;gJ  mjd;  kpd;flj;J  vz;zpd;  jiyfPo;  kjpg;Gf;Fr;
rkkhFk;.

lr
s

=

I khw;wp mikf;f
lR
A

r=

vdNt  xU  nghUspd;  kpd;jilahdJ  mjd;  ePsj;jpw;F  Neh;j;jftpYk;.  mg;nghUspd;
FWf;F ntl;L gug;gpw;F vjph;j;jftpYk; mikAk;.

NkNy  fhZk;  rkd;ghl;by;  cs;s  jfT  khwpyp ρ MdJ  nghUspd;  kpd;jil  vz;
vdg;gLk;.

l  =  1  m kw;Wk; A  =  1  m2 vdpy;>  kpd;jil R  =  ρ MFk;.  ,jid NtWtpjkhf $wpdhy;
nghUspd;  kpd;jil vz; vd;gJ XuyF ePsKk; XuyF FWf;F ntl;L gug;Gk;  nfhz;l

flj;jpahdJ kpd;Ndhl;lj;jpw;F mspf;Fk; kpd;jil MFk;. ,jd; SI myF Xk; - kPl;lh;

(Ωm).

kpd;jil  vz;izg;  nghUj;J  nghUl;fis  flj;jpfs;>  Fiwf;flj;jpfs;>  kpd;

flj;jhg;nghUl;fs; (Insulators) vd tifg;gLj;jyhk;. flj;jpfs; kpff; Fiwe;j kpd;jil
vz;izAk;>  kpd;flj;jhg;nghUl;fs;  kpf  mjpf  kpd;jil  vz;izAk;  kw;Wk;
Fiwflj;jpfspd;  kpd;jil  vz;  flj;jpfis  tpl  mjpfkhfTk;  Mdhy;  kpd;flj;jhg;
nghUl;fis tp FiwthfTk; mikAk;.

rpy  flj;jpfs;>  kpd;flj;jhg;  nghUl;fs;  kw;Wk;  Fiw  flj;jpfspd;  kpd;jil  vz;fs;
jug;gl;Ls;sd.

gy;NtW nghUl;fspd; kpd;jil vz;

nghUl;fs; 20˚C y;  kpd;il

vz; ρ (Ωm)
kpd;flj;jhg; nghUl;fs; (Insulators)
J}a ePh; 2.5 × 105

fz;zhb 1010 - 1014

fbd ,ug;gh; 1013 - 1016

Nrhbak; FNshiuL 1014

cUfpa Fthh;l;]; 1016

Fiw flj;jpfs; (Semi - conductors)
n[h;khdpak; 0.46
rpypf;fhd; 640
flj;jpfs;
(Conductors)
nts;sp 1.6 × 10-8
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jhkpuk; 17 × 10-8

mYkpdpak; 2.7 × 10-8

lq;];ld; 5.6 × 10-8

,Uk;G 10 × 10-8

kdpj  clypy;  mjpf  msT  ePh;  cs;sjhy;  kpd;jil  Fiwthf

fpl;lj;jl;l 200  Ω msNt  ,Uf;Fk;.  NkYk;  cyh;e;j  Njhypd;

kpd;jil  kpf  mjpfkhf  fpl;lj;jl;l 500 k  Ω msT  ,Uf;Fk;.
Mdhy;  NjhyhdJ  <ukhdjhf  ,Ue;jhy;  kpd;jilapd;  kjpg;G

Fiwe;J  fpl;lj;jl;l 1000  Ω msNt  ,Uf;Fk;.  vdNt  kpd;
,izg;Gfis <ukhd iffSld; njhLtJ kpfTk; Mgj;jhdjhFk;.

kpd;jilahf;fpfs; njhlhpizg;G kw;Wk; gf;f ,izg;G
xU  kpd;  Rw;wpy;  kpf  mjpf  vz;zpf;ifapy;  kpd;jilahf;fpfs;  gy;NtW  topfspy;
,izf;fg;gl;bUf;Fk;. xt;nthU tif kpd;Rw;wpYk; kpd;jilahf;fpfspd; ,izg;gpw;Nfw;g
njhFgad; kpd;jilia ehk; fzf;fplyhk;.

,uz;L  my;yJ  mjw;F  Nkw;gl;l  kpd;jilahf;fpfs;  xd;wd;gpd;  xd;whf  ,izg;gJ
njhlhpizg;G MFk;. ,it vspa kpd;jilahf;fpfshfNth my;yJ kpd;tpsf;FfshfNth

(light bulb) my;yJ ntg;gNkw;Wk; rhjdq;fshfNth my;yJ NtW kpd;rhjdq;fshfNth

mikayhk;. R1, R2 kw;Wk; R3 Mfpa kpd;jilahf;fpfs; njhlhpizg;gpy; cs;sd.

kpd;Jfs;fs;  kpd;Rw;wpy;  vq;Fk;  NrfukhfhJ  vd;gjhy; R1  y;  ghAk;  mNj  msT

kpd;Jfs;fNs R2 kw;Wk; R3 topahfTk; ghAk;. vdNt> vy;yh kpd;jilahf;fpfspYk; xNu

msthd kpd;Ndhl;lNk (I) ghAk;.

Xk; tpjpg;gb xNu msTs;s kpd;Ndhl;lk; njhlhpizg;gpy; cs;s ntt;NtW kjpg;Gila

kpd;jilahf;fpfs;  topNa  ghAk;  NghJ>  kpd;jilahf;fpfspd;  FWf;Nf  cUthFk;
kpd;dOj;j NtWghLfs; khWgLk;;;.

V1,  V2 kw;Wk; V3 vd;gd KiwNa R1,  R2 kw;Wk; R3 kpd;jilahf;fpfspy; FWf;Nf cs;s

kpd;dOj;j NtWghLfs; (Nthy;Nl[;) vdpy;> V1 =  IR1,  V2 =  IR2,  V3  =  IR3 MFk;. Mdhy;

nkhj;j  kpd;dOj;j  NtWghL V  MdJ kpd;jilahf;fpfspd;  FWf;Nf  cs;s  jdpj;jdp
kpd;dOj;j NtWghLfspd; $LjYf;Fr; rkkhFk;.

V = V1 + V2 + V3 = IR1 + IR2 + IR3

V = I (R1 + R2 + R3)
V = IRs

,q;F Rs vd;gJ njhFgad; kpd;jiliaf; Fwpf;fpwJ.

Rs = R1 + R2 + R3

vdNt gy kpd; jilahf;fpfs; njhlhpizg;gpy; cs;sNghJ> nkhj;j my;yJ njhFgad;
kpd;jilahdJ jdpj;jdp kpd;jilfspd; $LjYf;Fr; rkkhFk;.

Fwpg;G: njhlhpizg;gpy; cs;s kpd;jilahf;fpfspd; njhFgad; kpd;jilahdJ jdpj;jdp
kpd;jilfspd; kjpg;Gfis tpl mjpfkhf mikAk;.

gf;f ,izg;gpy; kpd;jilahf;fpfs;
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xU kpd;dOj;j NtWghl;bd; FWf;Nf gy kpd;jilahf;fpfis ,izj;jhy; mit gf;f
,izg;gpy; cs;sd vdyhk;.

,t;tif Rw;Wfspy;> kpd;fyj;jpypUe;J ntspNaWk; nkhj;j kpd;Ndhl;lk; I MdJ %d;W

ghijfspy;  gphpfpwJ. R1,  R2 kw;Wk; R3  topNa  ghAk;  kpd;Ndhl;lq;fs;  KiwNa I1,  I2

kw;Wk; I3  vd;f.  kpd;D}l;lq;fspd;  khwhtpjpg;gb  nkhj;j  kpd;Ndhl;lk; I  MdJ
,k;kpd;jilahf;fpfs; topNa ghAk; kpd;Ndhl;lq;fspd; $LjYf;Fr; rkkhFk;.

I = I1 + I2 + I3
NkYk;  xt;nthU  kpd;jilahf;fpf;Fk;  FWf;NfAk;  cs;s  kpd;dOj;NtWghLk;  rkk;
vd;gjhy;> xt;nthU kpd;jilahf;fpf;Fk; ehk; Xk; tpjpia gad;gLj;jyhk;.

1 2 3
1 2 3

1, ,V VI I I
R R R

= = =

,k;kjpg;Gfis gpujpapl

1 2 3 1 2 3

1 1 1 1V VI V
R R R R R R

é ù
= + + = + +ê ú

ë û

p

VI
R

=

gf;f ,izg;gpy; kpd;jilfs;

1 2 3

1 1 1 1

PR R R R
= + +

,q;F RP vd;gJ  gf;f  ,izg;gpy;  cs;s  kpd;jilahf;fpfspd;  njhFgad;  kpd;jil
MFk;.  vdNt  gy  kpd;jilahf;fpfs;  gf;f  ,izg;gpy;  ,izf;fg;gLk;NghJ>  jdpj;jdp
kpd;jilfspd;  jiyfPo;  kjpg;Gfspd;  $Ljy;>  njhFgad;  kpd;jilapd;  jiyfPo;
kjpg;Gf;Fr; rkk;.

Fwpg;G:
gf;f ,izg;gpy; kpd;jilahf;fpfs; ,izf;fg;gLk; NghJ njhFgad; kpd;jil jdpj;jdp
kpd;jilfspd; kjpg;ig tpl Fiwthdjhf ,Uf;Fk;.

tPl;L  cgNahf  rhjdq;fs;  vg;NghJk;  gf;f  ,izg;gpy;  ,izf;fg;gl;bUf;Fk;.
mg;NghJjhd;  VjhtJ  xU  rhjdk;  gOjile;jhy;  mijj;jtph;j;J  kw;w  rhjdq;fs;
Ntiy nra;Ak;.

fhh;gd; kpd;jilahf;fpfspy; epwf;FwpaPLfs;

fhh;gd;  kpd;jilahf;fpfspy;  gPq;fhd;  cs;sfj;jpd;  kPJ  nky;ypa  fhh;gd;  gbfk;
thh;f;fg;gl;bUf;Fk;  ,e;j  kpd;jilahf;fpfs;  nryT  FiwthdjhfTk;  rpwpa  mstpYk;>
ePz;l  ehs;  ciof;ff;$badthfTk;  mikfpd;wd.  kpd;jilahf;fpfspd;  kjpg;igf;fhd
mjd; kPJ tiuag;gl;l epw tisaq;fs; gad;gLfpd;wd.

Kjy;  ,uz;L  tisaq;fs;  kpd;jilapd;  Kf;fpa  vz;ZUf;fshfTk;>  %d;whtJ
tisaj;jpw;Fhpa  vz;  FwpaPL  gj;jpd;  mLf;F  ngUf;fyhfTk;  mikAk;.  ehd;fhtJ

tisak; kpd;jil khWgLk; msit (Tolerance) Fwpf;Fk;.

kpd;jilfspy; epw tisaq;fs;
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ehd;fhtJ tisak; ,lk; ngwtpyiynadpy; khWgLk; msT 20% MFk;.

kpd;jilahf;fpapy;>  Kjy;  ,yf;fk; =  5  (gr;ir)>  ,uz;lhtJ  ,yf;fk; =  6  (ePyk;)>

gj;jbkhd  ngUf;fk; =  =  103 (MuQ;R)  kw;Wk;  khWgLk;  msT =  5% (jq;fk;).

kpd;jilahf;fpapd; kjpg;G = 56 × 103 Ω my;yJ 56 k Ω kw;Wk; khWgLk; msT 5%.

kpd;jilfspd;  epwf;FwpaPLfis fhZk; NghJ %d;W tisaq;fs; cs;s gFjp ekf;F
,lJ  Gwk;  ,Uf;FkhW  itj;Jf;nfhs;s  Ntz;Lk;.  kpd;jilfspy;  cNyhf  epw
tisaq;fs; ,lJ Gwkhf ,Uf;fhJ.

ntg;gepiyiar; rhh;e;j kpd;jil vz;
nghUl;fspd;  kpd;jil  vz;  ntg;gepiyiar;  rhh;e;J  mikAk;.  gue;j  ntg;gepiy
neLf;fq;fSf;F> flj;jpfspy; ntg;gepiy caUk;NghJ kpd;jil vz; mjpfhpf;Fk; vz
Ma;Tfs; %yk; ep&gpf;fg;gl;Ls;sJ. ,jid gpd;tUk; rkd;ghL %yk; mwpayhk;.

ρT = ρ0 [1+α(T-T0)]
,q;F ρT vd;gJ T˚C ntg;gepiyapy; kpd;jil vz;> ρ0 vd;gJ T0 ntg;gepiyapy; mjd;

(ck; 20˚C)  kpd;jil  vz;  kw;Wk; a vd;gJ  kpd;jil  ntg;gepiy  vz; (Temperature
coefficient of resistivity) MFk;.

kpd;jil ntg;gepiy vz; vd;gJ xU bfphp ntg;gepiy cah;tpy; Vw;gLk; kpd;jil vz;

mjpfhpg;gpw;Fk; T0 ntg;gepiyapy;  cs;s kpd;jil vz;Zf;Fk;  ,ilNa cs;s tpfpjk;
MFk;.

ypUe;J ρT – ρ0 = αρ0 (T – T0) vd vOjyhk;.

0

0 0 0( )
Ta
T T T

r r r
r r

-
\ = =

-
�

�

,q;F Δρ =  ρT –  ρ0 vd;gJ ΔT = T -T0 vDk; ntg;gepiy khWghl;lhy; Vw;gLk; kpd;jil

vz; khWghL MFk;. ,jd; myF /˚C MFk;.

flj;jpfSf;fhd kpd;jil ntg;gepiy vz; a

epwk; vz; ngUf;f msT khWgLk;  msT
(tolerance)

fUg;G 0 1
gOg;G 1 101

rptg;G 2 102

MuQ;R 3 103

kQ;rs; 4 104

gr;ir 5 105

ePyk; 6 106

Cjh 7 107

rhk;gy; 8 108

nts;is 9 109

jq;fk; 10-1 5%
10-2 10%

20%
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flj;jpfSf;F a Neh;f;FwpAilaJ.  flj;jpfspd;  ntg;gepiy  mjpfhpf;Fk;  NghJ>
flj;jpapy;  cs;s vyf;l;uhd;fspd;  ruhrhp  ,af;f Mw;wy;  mjpfhpf;Fk;.  ,jd; tpisthf
Nkhjy;fspd; vz;zpf;if mjpfhpj;J kpd;jil vz;Zk; mjpfhpf;Fk;.

flj;jpfspYk;  cNyhfq;fisg;  Nghy;  gue;j  ntg;gepiy  msTfSf;F  kpd;jil  vz;

Neh;tpfpjj;  jd;ikAld; (linear)  ,Ug;gpDk;>  kpff;Fiwe;j  ntg;gepiyfspy;  Neh;
tpfpjkw;wj; jd;ikAk; fhzg;gLk;.

ntg;gepiy  kjpg;g  jdpr;Rop  ntg;gepiyia (absolute  temperature) neUq;Fk;NghJ
kpd;jil vz; xU Fwpg;gpl;l tiuaWf;fg;gl;l kjpg;igg; ngWk;.

AR
l

r = vd;w  Nfhitia  gpujpapl;L>  xU  Fwpg;gpl;;l  ntg;gepiyapy;  flj;jpapd;

kpd;jilia gpd;tUk; rkd;ghl;bd; %yk; Fwpg;gplyhk;.

RT = R0 [1+a (T-T0)

kpd;jil ntg;gepiy vz;izg; ngwyhk;.

0 0 0( )TR R R T Ta- = -

0

0 0 0

1
( )
TR R R

R T T R T
a

- D
\ = =

- D

0

1 R
R T

a
D

=
D

,q;F ΔR = RT –  R0 vd;gJ ΔT = T –  T0 vDk; ntg;gepiy khw;wj;jpy; Vw;gLk; kpd;jil
khWghL MFk;.

Fiwflj;jpfspd; a kjpg;G

Fiwflj;jpfspy;>  ntg;gepiy  mjpfhpj;jhy;  kpd;jil  vz;  FiwAk;.  ntg;gepiy
caUk;NghJ  Fiwflj;jpfspy;  kpd;Ndhl;lk;  gw;wp  tpthpf;fg;gl;Ls;sJ.  Fiwflj;jpapd;
mZf;fspy; ,Ue;J mjpf vz;zpf;ifapy; vyf;l;uhd;fs; tpLgLk;.

,jdhy;  kpd;Ndhl;lKk;  mjpfhpf;Fk;.  mjdhy;  kpd;jil  FiwAk;.  vjph;f;Fwp
ntg;gepiy  kpd;jil  vz;  cila  Fiwf;flj;jpahdJ  ntg;g  jilafk;

(Thermistor) vdg;gLk;.

nghUl;fspd; kpd;jil ntg;gepiy vz;fspd; kjpg;Gfs; jug;gl;Ls;sd.

nghUl;fs; kpd;jil  ntg;gepiy  vz;
a[(˚C)-1]

nts;sp 3.8 × 10-3

jhkpuk; 3.9 × 10-3

jq;fk; 3.4 × 10-3

mYkpdpak; 3.9 × 10-3

lq;];ld; 4.5 × 10-3

,Uk;G 5.0 × 10-3

gpshl;bdk; 3.92 × 10-3

fhhPak; 3.9 × 10-3
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epf;Nuhk; 0.4 × 10-3

fhh;gd; -0.5 × 10-3

n[h;khdpak; -48 × 10-3

rpypf;fhd; -75 × 10-3

gpd;tUk;  fUj;jpd;  %yk;  kpd;jil  vz;  ntg;gepiyia  rhh;e;J  ,Ug;gij  Ghpe;J

nfhs;syhk;.  kpd;  flj;J vz;
2ne

m
t

s = vdf; fz;Nlhk;.  kpd;jil vz; MdJ  tpd;

jiyfPo; kpjpg;ghFk;. ,jid fPo;f;fz;lthW vOjyhk;.

2

m
ne

r
t

=

nghUl;fspd; kpd;jil vz; MdJ.

1. vyf;l;uhd;fspd; vz; mlh;j;jp (n) f;F vjph;j;jftpy; mikAk;

2. NkhjYf;F ,ilg;gl;l ruhrhp fhyj;jpw;F (τ) vjph;j;jftpy; mikAk;

flj;jpapy; ntg;gepiy mjpfhpf;Fk; NghJ τ FiwfpwJ> n khwpypahf ,Uf;fpwJ. Mdhy;

Fiwf;flj;jpapy;  ntg;gepiy  mjpfhpf;Fk;  NghJ n  mjpfhpf;fpwJ>  FiwfpwJ.  ,q;F τ
Fiwittpl n ,d; mjpfhpg;G Mjpf;fk; cs;sJ vd;gjhy; xl;Lnkhj;jkhf kpd;jil vz;
FiwAk;.

xU  rpy  nghUl;fspd;  ntg;gepiyahdJ  xU  Fwpg;gpl;l  ntg;gepiyf;F  fPNo
FiwAk;NghJ  mjd;  kpd;jil  vz;  RopahFk;.  ,e;j  ntg;gepiyahdJ  khWepiy
ntg;gepiy  my;yJ  ngah;T  ntg;gepiy  vdg;gLk;.  ,e;j  epfo;tpid  ntspg;gLj;Jk;

nghUl;fs; kPf;flj;jpfs; (Superconductors) vdg;gLk;. Kjd; Kjypy; 1911 y; fhkh;ypq;
xd;];  vd;gth;  ghjurkhdJ 4.2  K  ntg;gepiyapy;  kPf;flj;Jk;  jd;ikia

ntspg;gLj;Jtijf; fz;lwpe;jhh;.  ,e;j kPf;flj;jpfspy; kpd;jil R  =  0 vd;gjhy; ,jpy;
xU  Kiw  nrYj;jg;gLk;  kpd;Ndhl;lk;  vt;tpj  kpd;dOj;j  NtWghLk;  ,d;wp
jq;fpapUf;Fk;.

kpd; Rw;Wfspy; Mw;wy; kw;Wk; jpwd;

flj;jpapd;  KidfSf;fpilNa  kpd;fyj;ij  ,izf;Fk;  NghJ>  kpd;Ndhl;lk;  gha;fpwJ.
kpd;Rw;wpy;  ,izf;fg;gl;l  fUtpf;F  kpd;fykhdJ  Mw;wiy  mspf;fpwJ.  kpd;dOj;j
NtWghL V nfhz;l kpd;fykhdJ kpd;jilahf;fpAld; ,izf;fg;gl;l kpd;Rw;W

dQ kpd;D}l;lk;  cs;s  Neh;  kpd;Jfs;fshdJ  Gs;sp a tpypUe;J b f;F  kpd;fyk;

topahfTk;> Gs;sp c ypUe;J d f;F kpd;jilahf;fp topahfTk; efh;e;J kPz;Lk; Gs;sp a
it miltjhf nfhs;Nthk;.

a tpypUe;J b f;F  kpd;Jfs;fs;  efUk;NghJ  ,k;kpd;Jfs;fshdJ dU  =  V.dQ  msT
kpd;dOj;j  Mw;wiy  ngWfpwJ.  ,jdhy;  kpd;fyj;jpd;  Ntjp  kpd;dOj;j  Mw;wy;  ,Nj
msT FiwfpwJ. dQ  msT kpd;D}l;lk;  cs;s  kpd;Jfs;fs;  kpd;jilahf;fp  topahf

gha;e;J a it  milAk;NghJ  kpd;jilahf;fpapy;  cs;s  mZf;fspd;  kPJ  Nkhjp dU
msTs;s  kpd;dOj;j  Mw;wiy  ,of;fpwJ.  kpd;fykhdJ>  kpd;Rw;wpy;
,izf;fg;gl;bUf;;Fk;  tiu  ,e;epfo;thdJ  njhlh;e;J  eilngw;W  nfhz;bUf;Fk;.
kpd;Jfs;fs; kpd;jilahf;fpapy; vt;tsT Ntfj;jpy; kpd;dOj;j Mw;wiy ,of;fpwJ
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kpd;dOj;j Mw;wy; mspf;fg;gLk; tPjk; kpd;jpwd; P vdg;gLk;.

( . )dU V dQ dQP V
dt dt dt

= = =

dQI
dt

= vd;gjpypUe;J rkd;ghL gpd;tUkhW khw;wp vOjyhk;.

P = VI

,q;F I  vd;gJ  kpd;Ndhl;lk;  kw;Wk; V  vd;gJ  kpd;rhjdj;jpd;  FWf;Nf  cs;s
kpd;dOj;j  NtWghL  MFk;.  Nkw;fz;l  rkd;ghL  kpd;rhjdj;jpw;F  kpd;fyj;jpd;  %yk;
mspf;fg;gl;lj; jpwdpd; kjpg;G MFk;.

kpd;jpwdpd; SI myF thl; (IW = 1 Js-1) tzpf uPjpahf> ekJ ,y;yq;fspy; gad;gLk; kpd;

gy;Gfspy; Fwpg;gpl;Ls;s jpwd; kw;Wk; kpd;dOj;j NtWghL Mfpaw;wpd; kjpg;Gfs; 5W –
220 V, 30 W – 220 V, 60W – 220 V MFk;. ,itfs; filfspy; fpilf;fpd;wd.

,e;j  gy;Gfspy;  Fwpg;gplg;gLk;  kpd;dOj;j  NtWghLfs;  nghJthf RMS khWjpir

kpd;dOj;jNtWghl;ilNa (RMS  AC  Voltage) Fwpf;Fk;.  Fwpg;gpg;gl;Ls;s  kpd;dOj;j
NtWghl;il  tpl  gy;gpd;  FWf;Nf  mjpf  kpd;dOj;jk;  nfhLf;fg;gl;lhy;  kpd;gy;gpd;

,io Jz;bf;fg;gLk; (Fuse).

Xk;  tpjpia  gad;gLj;jp>  kpd;jil R  f;F  mspf;fg;gLk;  jpwDf;fhd  rkd;ghl;il
gpd;tUkhW vOjyhk;.

kpdjilapy;  cUthf;fg;gLk;  (ntspNaWk;)  kpd;jpwdpd;  msT P  =  I2R MFk;.  ,jd;
%yk;  ehk;  mwptJ>  kpd;jpwdhdJ  kpd;Ndhl;lj;jpd;  ,Ukbia  nghWj;jJ.  vdNt
kpd;Ndhl;lj;ij  ,Uklq;fhf;fpdhy;  kpd;jpwdhdJ  ehd;F  klq;fhFk;.  kpd;dOj;j
NtWghl;bw;Fk; ,e;j tpsf;fk; nghUe;Jk;.

xU  kpd;rhjdk;  gad;gLj;Jk;  nkhj;j  Mw;wiyg;  ngw  mjd;  jpwd;  kw;Wk;  mr;rhjdk;

,aq;Fk;  Neu  mstpd;  ngUf;Fj;  njhifia  fhz  Ntz;Lk;.  jpwd;  thl; (W)  vd;w
myfpYk;>  fhyk;  tpehbapYk;  mstplg;gLtjhy;  Mw;wyhdJ  fhyk;  tpehbapYk;
mstplg;gLtjhy;  Mw;wyhdJ  [{y;  vd;w  myfpy;  Fwpg;gplg;gLk;.  eilKiwapy;  kpd;

Mw;wiy mstpl  fpNyh  thl;  kpzp (kWh)  vd;w  myF gad;gLj;jg;gLfpwJ. 1  KWh
vd;gJ kpd; Mw;wypd; 1 myF (one unit) MFk;.

(1 kWh = 1000 Wh = (1000  W) (3600 s) = 3.6 × 106J)

jkpo;ehL  kpd;rhu  thhpak;  ehk;  gad;gLj;Jk;  kpd;  Mw;wYf;fhd  fl;lzj;ij

ngWfpwNj jtpu kpd;jpwDf;fhd fl;lzk; my;y. IV kpd;dOj;j NtWghl;bdhy; 1 A
vdpy; cUthFk; jpwd; 1W MFk;.

kpd;fyq;fSk; kpd;fyj; njhFg;GfSk;

kpd;fyk;  vd;gJ  Ntjp  Mw;wiy  kpd;  Mw;wiy  kpd;  Mw;wyhf  khw;wp  kpd;Ndhl;lj;ij

Vw;gLj;Jk;  rhjdk;  MFk;.  ,jpy;  ,U  kpd;jz;Lfs;  kpd;gFjpapy; (electrolyte)  %o;f
itf;fg;gl;Ls;sij fhzyhk;.
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kpd;fyj;njhFg;G (Battery) vd;gJ  gy  kpd;fyq;fs; (Cells)  ,izf;fg;gl;l  mikg;G
MFk;.  xU  kpd;fyk;  my;yJ  kpd;fyj;njhFg;ig  ,izf;Fk;NghJ>  vyf;l;uhd;fs;
vjph;kpd;KidapypUe;J  Neh;kpd;  Kidf;F  kpd;Rw;W  topNa  ghAk;.  Ntjp  tpidfspd;
%yk;> kpd;fyj;njhFg;G my;yJ kpd;fyk; kpd;KidfSf;fpilNa kpd;dOj;j

NtWghl;il  cUthf;Fk;.  ,e;j  kpd;dOj;j  NtWghNl  vyf;l;uhd;fis  kpd;  Rw;wpy;
efh;j;j  Njitg;gLk;  Mw;wiy  mspf;Fk;.  tzpf  uPjpahf  filfspy;  fpilf;Fk;
kpd;fyq;fs; kw;Wk; kpd;fyj;njhFg;Gfis fhl;LfpwJ.

kpd; ,af;F tpir kw;Wk; mf kpd;jil

xU  kpd;fyk;  my;yJ  kpd;  fyj;njhFg;G  vd;gJ  kpd;dpaf;F  tpir (emf)  %ykhFk;.
kpd;dpaf;F tpir vd;gJ cz;ikapy; tpiray;y. ,J kpd;dOj;j NtWghl;bd; myfhd
Nthy;l;bNyNa  Fwpf;fg;gLfpwJ.  xU  kpd;fyk;  my;yJ  kpd;fyj;  njhFg;gpy;  cs;s
kpd;dpaf;F  tpir  vd;gJ  Gwr;  Rw;wpy;  kpd;Ndhl;lk;  ghahj  NghJ  mjd;
kpd;KidfSf;F ,ilNa cs;s kpd;dOj;j NtWghl;il Fwpf;fpwJ.

kpd;dpaf;F tpir vd;gJ> kpd;fyj; njhFg;ghdJ kpd;Rw;wpy; xuyF kpd;D}l;lk; nfhz;l

kpd;Jfs;fis  efh;j;j  Njitg;gLk;  Ntiyapd;  msitf;  Fwpf;fpwJ.  ,jd;  FwpaPL ε
MFk;. xU ,yl;rpa kpd;fyj;njhFg;gpd; mfkpd;jil Rop (Internal resistance)

MFk;.  vdNt  kpd;fyj;  njhFg;gpd;  kpd;KidfSf;fpilNa  cs;s  kpd;dOj;j  NtWghL
vd;gJ mjd; kpd;dpaf;F tpirf;F rkk;. Mdhy; eilKiwapy; xU kpd;fyj; njhFg;ghdJ

kpd;jz;Lfs; (electrodes) kw;Wk;  kpd;  gFspahy; (electrolyte) MdJ.  ,jdhy;

kpd;fyj;jpDs; kpd;Jfs;fspd; Xl;lj;jpw;F jil ,Uf;Fk;. ,e;j kpd;jilNa mfkpd;jil r
vdg;gLk;. vdNt eilKiwapy; cs;s kpd;fyj; njhFg;gpy; kpd;KidfSf;fpilNa cs;s
kpd;dOj;j NtWghL kpd;dpaf;F tpirf;F rkky;y. Gjpajhf cUthf;fg;gl;l kpd;fyj;jpd;
mfkpd;jil  Fiwthf  ,Uf;Fk;.  mjd;  gad;ghL  mjpfhpf;f  mjpfhpf;f  (ehshf)
mfkpd;jil mjpfhpf;Fk;.

mfkpd;jiliaf; fzf;fpLjy;

cs;sthW kpd;Rw;wpy; ,izg;Gfs; jug;gLfpwJ.

kpd;fyj;jpd;  kpd;dpaf;F  tpir ε I fz;lwpa  mjd;  FWf;Nf  cah;  kpd;  jil nfhz;l

Nthy;l;kPl;lh;  ,izf;fg;gLfpwJ.  ,q;F  Gwkpd;jilahf;fp R  ,izf;fg;glf;$lhJ.
Nthy;l;kPl;lh;  kpff;  Fiwe;j  msNt  kpd;Ndhl;lj;ij  vLj;Jf;nfhs;tjhy;  ,r;Rw;W  jpwe;j
Rw;whf  fUjg;gLk;.  vdNt Nthy;l;  kPl;lh;  fhl;Lk;  msT vd;gJ kpd;fyj;jpd;  kpd;dpaf;F

tpirapd;  msNt. R  vd;w  Gwkpd;jilahf;fpia  kpd;Rw;wpy;  ,izj;jhy; I  vd;w

kpd;Ndhl;lk;  Rw;wpy;  cUthf;fg;gLk;.  NkYk; R  d;  FWf;Nf  cs;s  kpd;dOj;j  NtWghL
kpd;fyj;jpd;

kpd;fyj;jpd;  mfkpd;jil FWf;Nf  cs;s  kpd;dOj;j  NtWghl;bw;Fr;  rkkhFk;
(kpd;dpaf;F tpirf;Fr; rkky;y).

R kpd;jilahf;fpapd; FWf;Nf cs;s kpd;dOj;j NtWghL

V = IR
mfkpd;jil r d; fhuzkhf> Nthy;l; kPl;lh; fhl;Lk; V d; kjpg;G kpd;dpaf;F tpir ε I
tpl  Fiwthf  ,Uf;Fk;.  ,jw;F  fhuzk; Ir  vd;w  kpd;dOj;j  NtWghL r  ,d;  FWf;Nf
Vw;gLtNj MFk;.
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 ,jdhy; V = ε - Ir
Ir = ε - V

Ir V
IR V

e -
=

Vr R
V

e -é ù=ê úë û
ε,  V kw;Wk; R  Mfpaitfspd;  kjpg;Gfs;  njhpAk;  vd;gjhy;>  mfkpd;jil (r) I
fzf;fplyhk;. mNjNghy kpd;Rw;wpy; cs;s nkhj;j kpd;Ndhl;lj;ijAk; fzf;fplyhk;.

mf  kpd;jil  fhuzkhf>  kpd;Rw;Wf;F  mspf;fg;gLk;  jpwd;  kpd;fyj;njhFg;gpy;

Fwpg;gplg;gl;Ls;s  jpwDf;F  rkkhf  ,Uf;fhJ.  msT  kpd;dpaf;F  tpirAk; r  msT

mfkpd;jilAk; nfhz;l kpd;fyk; R kpd;jil nfhz;l kpd;Rw;Wf;F mspf;Fk; jpwDf;fhd
Nfhit kpd;tUkhW vOjg;gLfpwJ.

P = Iε = I (V + Ir)
,q;F V vd;gJ R d; FWf;Nf cs;s kpd;dOj;j NtWghL. ,J IR f;Fr; rkk;.

vdNt> P = I(IR + Ir)
P = I2 R + I2 r

,q;F I2r vd;gJ  mfkpd;jilf;F  mspf;fg;gl;l  jpwd;  kw;Wk; I2R  vd;gJ R  vd;w
kpd;jilf;Nfh (my;yJ) gad;gLj;jg;gLk; kpd; rhjdj;jpw;Nfh mspf;fg;gLk; jpwdhFk;.

xU rpwe;j  kpd;fyj;njhFg;gpw;F mfkpd;  jil r kpf FiwT vd;gjhy; I2r  <<  I2R MFk;.
vdNt fpl;lj;jl;l xl;Lnkhj;j jpwDk; kpd;jil R f;F mspf;fg;gLk;.

kpd;fyq;fs; njhlhpizg;G:
gy kpd;fyq;fs; ,izf;fg;gl;L kpd;fyj; njhFg;G cUthf;fg;gLk;. njhlhpizg;gpy; Kjy;
kpd;fyj;jpd;  vjph;  kpd;Kid  ,uz;lhtJ  kpd;fyj;jpd;  Neh;kpd;KidAlDk;>  ,uz;lhtJ
kpd;fyj;jpd;  Neh;kpd;  KidAlDk;  ,izf;fg;gLk;.  ,izf;fg;glhj  Kjy;  kpd;fyj;jpd;
Neh;kpd;  Kid  kw;Wk;  ,izf;fg;glhj  filrp  kpd;fyj;jpd;  vjph;  kpd;KidfNs
kpd;fyj;njhFg;gpd; kpd; Kidfshf mikAk;.

mfkpd;jilAk;> ε  kpd;dpaf;F  tpirAk;  nfhz;l n  kpd;fyq;fs; R  vd;w
Gwkpd;jilahf;fpAld; njhlhpizg;gpy; ,izf;fg;gl;Ls;sd.

kpd;fyq;fs; - njhlhpizg;G kpd;fyj; njhFg;gpd; nkhj;j kpd;dpaf;F tpir = nε
kpd;Rw;wpd; nkhj;j kpd;jil = nr + R
Xk; tpjpapd; gb> kpd;Rw;wpd; kpd;Ndhl;lk; =

I = nkhj;j kpd;dpaf; F tpir

nkhj;j kpd;jil
 = n

nr R
e
+

epiw (a) r <<R, vdpy;

I = 1
n nI
R
e

»

,q;F vd;gJ xU kpd;fyj;jpd; Vw;gLk; kpd;Ndhl;lk;

1I R
eæ ö=ç ÷

è ø
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vdNt R  Ig;  nghWj;J r  kpff;Fiwthf  Gwf;fzpf;f  jf;f  msT  ,Ug;gpd;
kpd;fyj;njhFg;G Vw;gLj;Jk; kpd;Ndhl;lk; xU kpd;fyk; Vw;gLj;Jk; kpd;Ndhl;lj;ij Nghd;W

n klq;F mikAk;.

epiy (b) r >> R, vdpy; I = n
nr r
e e

»

,J  xU  kpd;fyk;  Vw;gLj;Jk;  kpd;Ndhl;lk;  MFk;.  vdNt  kpd;fyj;njhFg;gpd;
kpd;Ndhl;lKk; xU kpd;fyj;jpd; kpd;Ndhl;lKk; rkk; MFk;. ,e;epiy gadw;wJ.

vdNt  njhlhpizg;gpy;  kpd;fyq;fs;  ,izf;fg;gLk;NghJ  kpd;fyq;fspd;  njhFgad;
mfkpd;jil Gwkpd;  jilia tpl  kpff;rpwpa  kjpg;ghf  cs;sNghJ kl;LNk  gaDs;sjhf
,Uf;Fk;.

gf;f ,izg;gpy; kpd;fyq;fs;
gf;f  ,izg;gpy;  vy;yh  kpd;fyq;fspd;  Neh;  kpd;KidfSk;  xU  Gs;spapy;
,izf;fg;gLk;.  ,NjNghy;  vy;yh  vjph;  kpd;KidfSk;  kw;nwhU  Gs;spapy;
,izf;fg;gLk;.  ,e;j  ,U  Gs;spfSk;  KiwNa  kpd;fyj;njhFg;gpd;  Neh;  kw;Wk;
vjph;kpd;Kidfshf mikAk;.

A  kw;Wk; B  Gs;spfSf;fpilNa n  kpd;fyq;fs;  gf;f  ,izg;gpy; R  vd;w
Gwkpd;jilahf;fpAld; ,izf;fg;gl;Ls;sd.

kpd;fyj; njhFg;gpd; njhFgad; mfkpd;jil
1 1 1 1....
eqr r r r

= + +  (n $Wfs;) = n
r

req =
r
n
kpd;Rw;wpd; nkhj;j kpd;jil = rR

n
+ . nkhj;j kpd;dpaf;F tpir vd;gJ A

kw;Wk; B Gs;spfSf;fpilNa cs;s kpd;dOj;j NtWghL MFk;. ,J ε f;F rkk;.
Rw;wpy; cs;s kpd;Ndhl;lk;

I r R
n

e
=

+

nI
r nR

e
=

+

epiy (a) r >> R, vdpy; 1
nI nI
r
e

= =

,q;F R Gwf;fzpf;fj;jf;f msT cs;sNghJ I1 vd;gJ xNu xU kpd;fyj;jpdhy; Vw;gLk;

kpd;Ndhl;lk;.  ,J
r
eæ ö

ç ÷
è ø

 f;Fr;  rkk;.  vdNt  kpd;fyj;  njhFg;gpdhy; R  topNa  Vw;gLk;

kpd;Ndhl;lk; xNu xU kpd;fyj;jpdhy; Vw;gLk; kpd;Ndhl;lj;ij Nghy; n klq;F mikAk;.

epiy (b) r < < R, vdpy; I =
R
e

ehk;  mwptJ kpd;fyj;njhFg;gpdhy;  vw;gLk;  kpd;Ndhl;lk;  xNu xU kpd;fyj;jpdhy;  Vw;gLk;
kpd;Ndhl;lj;jpw;Fr; rkk;. vdNt kpd;fyq;fspd; gf;f ,izg;gpy; ,izf;Fk; NghJ Gwkpd;
jilahdJ kpd;fyq;fspd; mfkpd;jilia tpl Fiwthf ,Ue;jhy; kl;LNk gaDs;sjhf
mikAk;.
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fhhpy;  Kfg;G  tpsf;F  vhpAk;  epiyapy;  vd;[pid ,af;Fk; NghJ>  Kfg;G  tpsf;fpd;
nghypT  rpwpJ  FiwAk;.  ,jw;F  fhuzk;  fhhpy;  cs;s  kpd;fyj;jpd;  mfkpd;  jil
MFk;.

fph;f;fh/g; tpjpfs; (Kirchhoff’s Rules)

Xk; tpjp vspa kpd;Rw;WfSf;F kl;LNk gad;gLk;. rpf;fyhd kpd; Rw;Wfspy; kpd;Ndhl;lk;
kw;Wk; kpd;dOj;j NtWghl;il fzf;fpl fph;f;fh/g; tpjpfs; gad;gLj;jg;gLfpd;wd. mit

1. fph;f;fh/g; kpd;Ndhl;l tpjp
2. fph;f;fh/g; kpd;dOj;j NtWghl;L tpjp MFk;

fph;f;fh/g; Kjy; tpjp (kpd;Ndhl;ltpjp my;yJ re;jp tpjp):

ve;j  xU  re;jpapYk;  re;jpf;fpd;w  kpd;Ndhl;lq;fspd;  Fwpapay;  $l;Lj;njhif (Algebraic
sum) RopahFk;.  ,J  kpd;Jfs;fspy;  cs;s  kpd;D}l;lq;fspd;  moptpd;ik  tpjpapd;
mbg;gilapy;  mikfpwJ.  re;jpfspy;  kpd;Jfs;fs;  cUthf;fg;gLtNjh  moptNjh  ,y;iy.
mjhtJ re;jpapy; EioAk; kpd;Jfs;fs; midj;Jk; re;jpia tpl;L ntspNaWk;. fph;f;fh/g;
Kjy;  tpjpiag;  gad;gLj;Jk;  NghJ  re;jpia  Nehf;fpr;  nry;Yk;  kpd;Ndhl;lk;  Neh;f;Fwp
vdTk; re;jpia tpl;L ntspNaWk; kpd;Ndhl;lk; vjph;f;Fwp vdTk; vLj;Jf;nfhs;sg;gLk;.

A re;jpf;F ,t;tpjpia gad;gLj;j
I1 + I2 – I3 – I4 – I5 = 0

my;yJ
I1 + I2 = I3 + I4 + I5

fph;f;fh/g; ,uz;lhtJ tpjp (kpd;dOj;j NtWghl;L tpjp my;yJ Rw;W tpjp)
,t;tpjpapd;gb  ve;jnthU %ba Rw;wpd;  xt;nthU gFjpapYk;  cs;s  kpd;Ndhl;lk;  kw;Wk;
kpd;;jil  Mfpatw;wpd;  ngUf;fw;gyd;fspd;  Fwpapay;  $l;Lj;  njhifahdJ>  me;j
kpd;Rw;wpy;  cs;s  kpd;dpaf;F  tpirfspd;  Fwpapay;  $l;Lj;njhiff;Fr;  rkk;.  ,e;j  tpjp
jdpj;j  mikg;gpd;  Mw;wy;  khwh  tpjpg;gb  mikfpwJ.  mjhtJ  kpd;dpaf;F  tpir  %yk;
mspf;Fk; Mw;wyhdJ vy;yh kpd;jilahf;fpfs; ngWk; Mw;wy;fspd; $LjYf;Fr; rkkhFk;.

%ba  Rw;wpy; (Closed  loop) ehk;  nry;Yk;  jpirtopNa  kpd;Ndhl;lk;  nrd;why;>
mk;kpd;Ndhl;lk; kw;Wk; mg;ghijapy; cs;s kpd;jil Mfpatw;wpd; ngUf;fw;gydpd; kjpg;G
Neh;f;FwpahfTk;>  %ba  Rw;wpy;  ehk;  nry;Yk;  jpirf;F  vjphj;jpirapy;  kpd;Ndhl;lk;
nrd;why;>  mk;kpd;Ndhl;lk;  kw;Wk;  mg;ghijapy;  cs;s  kpd;jil  Mfpatw;wpd;
ngUf;fw;gyd; kjpg;G vjph;f;Fwp kjpg;ghfTk; vLj;Jf;nfhs;sg;gLk;. ,NjNghy; %ba Rw;wpy;
ehk;  nry;Yk;  jpirapd;  topNa  kpd;fyj;jpd;  vjph;kpd;  KidapypUe;J  Neh;kpd;  Kid
topahf ehk; nry;Yk; NghJ kpd;dpaf;F tpir Neh;f;FwpahfTk; mNjNghy;

kpd;fyj;jpd; Neh; kpd; KidapypUe;J vjph;kpd; Kid topahfr; nry;Yk; NghJ kpd;dpaf;F
tpir vjph;f;FwpahfTk; vLj;Jf; nfhs;sg;gLfpwJ.

fph;f;fh/g;  kpd;dOj;j  NtWghl;L  tpjpia  gad;gLj;Jk;NghJ  Rw;wpy;  cs;s  midj;J
kpd;Ndhl;lq;fSk; epiyahd kjpg;ig ngw Ntz;Lk; vDk; epge;jid gpd;gw;wg;gl Ntz;Lk;

tPl;];Nlhd; rkdr; Rw;W

fph;f;fh/g;  tpjpfspd;  Kf;fpa  gad;ghlhf  tPl;];Nlhd;  rkdr;  Rw;W  mikfpwJ.  kpd;Rw;W

tiy (electrical  networks) mikg;Gfspy;  tPl;];Nlhd;  rkdr;Rw;wpd;  %yk;  njhpahj
kpd;jilahf;fpapd; kjpg;ig fz;lwpaTk;> kpd;jilahf;fpfis xg;gplTk; KbAk;.
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,e;j tiy mikg;gpy; P, G, R kw;Wk; S kpd;jilahf;fpfs; cs;sthW ,izf;fg;gl;Ls;sd.

G  vd;w  fhy;tdh  kPl;luhdJ B  kw;Wk; D  Gs;spfSf;fpilNa  ,izf;fg;gl;Ls;sJ.
fhy;tdh kPl;lh; topNa

tPl;];Nlhd; rkdr; Rw;W

ghAk; kpd;Ndhl;lk; IG vdTk; mjd; kpd;jil G vdTk; vLj;Jf; nfhs;sg;gLfpwJ.
B re;jpf;F fph;f;fh/g; kpd;Ndhl;l tpjpia gad;gLj;j>

I1 – IG – I3 = 0
D re;jpf;f fph;f;fh/g; kpd;Ndhl;l tpjpia gad;gLj;j>

I2 + IG – I4 = 0
ABDA vd;w %ba Rw;Wf;F fph;f;fh/g; kpd;dOj;j NtWghl;L tpjpia gad;gLj;j

I1P + IGG – I2R = 0
ABCDA vd;w %ba Rw;Wf;F fph;f;fh/g; kpd;dOj;j NtWghl;L tpjpia gad;gLj;j>

I1P + I3Q – I4S – I2R = 0
B  kw;Wk; D  Gs;spfs;  rkkpd;dOj;jj;jpy;  ,Ue;jhy;>  tPl;];Nlhd;  rkdr;Rw;W  rkepiyapy;

,Uf;Fk;. B kw;Wk; D Gs;spfSf;fpilNa kpd;dOj;j NtWghL ,y;iy vd;gjhy;> fhy;tdh

kPl;lh;  topNa  kpd;Ndhl;lk;  ghahJ. (IG =  0) vdNt IG =  0 vd  rkd;ghLfs;  kw;Wk;  ,y;
gpujpapl

I1 = I3

I2 = I4

I1P = I2R
rkd;ghL
I3Q = I4S
rkd;ghL
P R
Q S

=

,JNt  tPl;];Nlhd;  Rw;wpd;  rkepiyf;fhd  epge;jid  MFk;.  ,e;j  epiyapy;  kl;LNK
fhy;tdh  kPl;lh;  Rop  tpyf;fj;ij  fhl;Lk;.  mUfUNf  cs;s  ,U  kpd;jilahf;fpfspd;
kjpg;G  ekf;F  njhptjhff;  nfhz;lhy;>  kw;w  ,U  kpd;jilahf;fpfis  xg;gplyhk;.  NkYk;
ehd;F  kpd;jilahf;fpfspy;  %d;wpd;  kjpg;G  njhpe;jhy;  njhpahj  ehd;fhtJ
kpd;jilahf;fpapd; kjpg;igAk; ,jd; %yk; fzf;fpl KbAk;.

fhy;tdh  kPl;lh;  vd;gJ  kpd;Ndhl;lj;ij  fz;lwpaTk;  mstplTk;  cjTk;  xU  rhjdk;
MFk;.  kpfr;rpwpa  msT  kpd;Ndhl;lq;fis  mstpl  ,jid  gad;gLj;j  KbAk;.  xU
kpd;Rw;wpd; ntt;NtW gFjpfspy; cs;s kpd;dOj;j NtWghl;il xg;gplTk; ,J ngUksT
gad;gLj;jg;gLfpwJ.

kPl;lh; rkdr;Rw;W:

kPl;lh;  rkdr;  Rw;W  vd;gJ  tPl;];Nlhd;  rkdr;Rw;wpd;  ,d;ndhU  tbtk;  MFk;.  ,jpy;  1

kPl;lh; ePsKs;s AB vd;w rPuhd Nkq;fdpd; (Manganin) fk;gp cs;sJ. ,f;fk;gp xU kPl;lh;

msT NfhYf;F ,izahf xU kug;gyifapy; C kw;Wk; D vd;w ,U jhkpu gl;ilfSf;F

,ilNa  ePl;lg;gl;Ls;sJ.  ,U  jhkpug;gl;ilfSf;F  ,ilapy; E  vd;w  kw;nwhU  jhkpu

gl;il G1 kw;Wk; G2 vd;w ,U ,ilntspfspy; nghUj;jg;gl;Ls;sJ. G1

,ilntspapy;  kjpg;G  njhpahj  kpd;jilahf;fp P Ak; G2 ,ilntspapy;  vd;w  gbj;ju

(njhpe;j) kpd;jilahf;fp Q k; ,izf;fg;gl;Ls;sd. xU njhLrhtpahdJ (kpd;flj;jp) ika

jhkpug;gl;ilapy; B vd;w Kidapy; fhy;tdhkPl;lh; (G) kw;Wk; cah; kpd;jilahf;fp topNa
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,izf;fg;gl;Ls;sJ.  fk;gpapd;  kPJs;s  njhL  rhtpapd;  epiyia (Position) msTNfhy;
%yk; mstplyhk;.  rkdr;Rw;W fk;gpapd;  Kidfspd;  FWf;Nf xU nyf;yhQ;rp  kpd;fyKk;

rhtpAk; (K) ,izf;fg;gl;Ls;sd.

kPl;lh; rkdr;Rw;W
fk;gpapd;  kPJ  njhLrhtpia  efh;j;jp  fhy;tdh  kPl;lhpy;  Rop  tpyf;fk;  Vw;gLkhW  nra;a

Ntz;Lk;.  njhL  rhtpapd;  epiyia J  vd  vLj;Jf;  nfhs;Nthk;. AJ  kw;Wk; JB vDk;

ePsq;fs;  KiwNa tPl;];Nlhd;  rkdr;  Rw;wpd;  kpd;jilahf;fpfs; R kw;Wk; S f;F gjpyhf
mike;Js;sJ.

.
.

P R r AJ
Q S r JB

= =

,q;F r vd;gJ xuyF ePsj;jpw;fhd kpd;jil MFk;.

1

2

P AJ l
Q JB l

= =

1

2

lP Q
l

=

rkdr;Rw;W  fk;gpahdJ  jhkpu  gl;ilfspd;  kPJ  gw;w  itj;jpUg;gjhy;  KOikaw;w
,izg;gpd; fhuzkhf> ,izg;gpy; kpfr;rpwpa msT kpd;jil mjpfhpj;jpUf;ff; $Lk;. ,e;j

kpd;jilahf;fpfs; Kid kpd;jilfs; (End resistance) vd;wiof;fg;gLk;. ,g;gpioia ePf;f
P kw;Wk; Q it ,lg;ghpkhw;wk;  nra;J  Nrhjid kPz;Lk;  xUKiw  nra;ag;gl;L  kw;nwhU

mstPl vLf;fg;gl;L P d; ruhrhp kjpg;G fz;lwpag;gLfpwJ.

P vDk;  fk;gpr;Rus;  nra;ag;gl;l  nghUspd;  kpd;jil  vz;iz  fzf;fpl  mjd;  Muk; a
kw;Wk;  ePsk; l Mfpait  mstplg;gLfpd;wd.  jd;  kpd;jil  my;yJ  kpd;jil  vz; ρ
gpd;tUk; njhlh;gpdhy; ngwg;gLfpwJ.

 kpd;jil
l
A

r =

Nkw;fz;l rkd;ghl;il khw;wp mikf;f.

ρ = kpd; jil × A
l

vd;gJ njhpahj kpd;jil vdpy; rkd;ghL gpd;tUkhW mikAk;.
2aP

l
p

r =

kpd;dOj;jkhdp:
kpd;dOj;jkhdpahdJ kpd;dOj;j NtWghL> kpd;Ndhl;lk; kw;Wk; kpd;jilfis Jy;ypakhf
mstpl  gad;gLfpwJ.  ,jpy;  gj;J  kPl;lh;  ePsKs;s  rPuhd  Nkq;fspd;  my;yJ
fhd;];lhz;ld;  fk;gpahdJ  1  kPl;lh;  ePsKs;s  ,izahd  thpirfshf  ePl;lg;gl;L

kug;gyifapy;  nghUj;jg;gl;Ls;sJ. fk;gpapd;  ,izf;fg;glhj A kw;Wk; B Kidfs; xNu
gf;fj;jpw;F  nfhz;L  tug;gl;L  ,izg;Gj;jpUFfSld;  jhkpug;gl;ilfspy;
nghUj;jg;gl;Ls;sd. xU kPl;lh; msT Nfhy; fk;gpf;F ,izahf nghUj;jg;gl;Ls;sJ.

kpd;dOj;jkhdpapd;  jj;Jtk;  fhl;lg;gl;Ls;sJ.  fk;gp CD topNa  xU  epiyahd
kpd;Ndhl;lk; Vw;gLj;jg;gLfpwJ.



117 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187

kpd;fyj;njhFg;G>  rhtp  kw;Wk;  kpd;dOj;jkhdp  fk;gp  Mfpait  njhlhpizg;gpy;

,izf;fg;gl;L  Kjd;ikr;  Rw;whf  mikfpwJ.  kpd;dpaf;F  tpir ε  nfhz;l  kpd;fyj;jpd;

Neh;kpd;Kid C  Gs;spAlDk;>  vjph;  kpd;Kid  fhy;thdh  kPl;lh;  kw;Wk;  cah;  kpd;jil
topahf njhLrhtpAlDk; ,izf;fg;gl;Ls;sd. ,J Jizr; Rw;whf mikfpwJ.

njhL rhtp cjtpAld; J vd;w Gs;spapy; ,izg;G Vw;gLj;jg;gLfpwJ. CJ gFjpapd; FWf;Nf
cs;s  kpd;dOj;j  NtWghL>  kpd;fyj;jpd;  kpd;dpaf;F  tpir ε  f;F  rkkhdhy;
fhy;thdhkPl;lh;  topNa  vt;tpj  kpd;Ndhl;lKk;  ghakhy;  mJ  Rop  tpyf;fj;ij  fhl;Lk;.

vdNt CJ vd;gJ rkd;nra; ePsk; vd;W miof;fg;gLk;. CJ f;F FWf;Nf cs;s kpd;dOj;j
NtWghL Irl. ,q;F r vd;gJ xuyF ePsj;jpw;fhd kpd;jil MFk;.

vdNt ε = Irl

,q;F I kw;Wk; r  khwpypfs;  vd;gjhy; ε µ l kpd;fyj;jpd;  kpd;dpaf;F  tpir  rkd;nra;
epsj;jpw;F Neh;j;jftpy; mikAk;

kpd;dOj;jkhdpia gad;gLj;jp ,U kpd;fyq;fspd; kpd;dpaf;F tpirfis xg;gpLjy;

,U  kpd;fyq;fspd;  kpd;dpaf;F  tpirfis  xg;gpl>  cs;sthW  kpd;Rw;W  ,izg;G

Vw;gLj;jg;gLfpwJ.  kpd;dOj;jkhdp  fk;gp CD  MdJ kpd;fyj;njhFg;G Bt kw;Wk;  rhtp K
cld;  njhlhpizg;gpy;  ,izf;fg;gl;Ls;sJ.  ,J  Kjd;ikr;  Rw;W  MFk;.  fk;gpapd; C
Kid DPDT  rhtpapy;  cs;s (Double  Pole  Double  Throw)  M  Kidapy;

,izf;fg;gl;Ls;sJ. N  KidahdJ  fhy;thdh  kPl;lh; (G),  cah;  kpd;jilahf;fp (HR)
topahf njhL rhtpAld; ,izf;fg;gl;Ls;sJ. kpd;dpaf;F tpirfs; xg;gpl Ntz;ba ,U

kpd;fyq;fs; ε1 kw;Wk; ε2 KiwNa DPDT ,y; cs;s M1, N1 kw;Wk; M2, N2 KidfSld;

,izf;fg;gl;Ls;sd.  kpd;fyj;njhFg;gpd; (Bt)  Neh;  kpd;Kid  kw;Wk; ε1,  ε2  Mfpa

kpd;fyq;fspd;  Neh;  kpd;Kidfs;  Mfpait  kpd;dOj;jkhdp  fk;gpapy;  cs;s C
KidapNyNa ,izf;fg;gl Ntz;Lk;.

DPDT  rhtpia M1,  N1  Kidfspy;  mOj;Jk;  NghJ ε1  kpd;fyk;  Jizr;Rw;wpy;
,izf;fg;gLfpwJ.  ,g;NghJ  njhL  rhtpia  efh;j;jp  fhy;tdh  kPl;lhpy;  Rop  tpyf;fk;
ngwg;gl;L  rkd;nra;  epsk; l1 mstplg;gLfpwJ.  gpd;dh;   ,uz;lhtJ  kpd;fyk; ε2

kpd;Rw;wpy; ,izf;fg;gl;L rkd;nra; ePsk; l2 fz;lwpag;gLfpwJ. r vd;gJ kpd;dOj;jkhdp

$k;gpapd;  XuyF  ePsj;jpw;fhd  kpd;jil  vdTk; I  vd;gJ  fk;gp  topNa  ghAk;
kpd;Ndhl;lkhfTk; nfhz;lhy;

ε1 = Irl1

ε2 = Irl2
rkd;ghL

1 1

2 2

l
l

e
e

=

kpd;dOj;j khdpia gad;gLj;jp kpd;fyj;jpd; mfkpd;jilia mstpLjy;
kpd;fyj;jpd;  mfkpd;jilia  mstpl>  ,izg;Gfs;  Nkw;nfhs;sg;gLfpd;wd.

kpd;fyj;njhFg;G Bt  ,d;  Neh;kpd;Kid  kpd;dOj;jkhdp  fk;gpapd; C  KidTlDk;

vjph;kpd;Kid rhtp K1 topahf D KidAlDk; ,izf;fg;gl;lld. ,JNt Kjd;ikr;
Rw;whf mikfpwJ.

mfkpd;jil fhzNtz;ba kpd;fyk; ε ,d; Neh;kpd;Kid kpd;dOj;jkhdpf; fk;gpapd; C
KidAld;  ,izf;fg;gLfpwJ.  kpd;fyj;jpd;  vjph;kpd;KidahdJ  fhy;tdhkPl;lh;>

cah;kpd;jilahf;fp  topahf  njhLrhtp J  cld;  ,izf;fg;gLfpwJ.  kpd;fyk; ε  d;
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FWf;Nf  xU  kpd;jilg;ngl;b R  kw;Wk; K2  jpwe;j  epiyapy;  rkd;nra;  Gs;sp J
fz;lwpag;gl;L rkd;nra; ePsk; CJ = I1 mstplg;gLfpwJ.

kpd;fykhdJ jpwe;j Rw;wpy; miktjhy; mjd; kpd;dpaf;F tpir

ε ∞ I1

kpd;jilg;ngl;b R  y;  xU  jFe;j  kpd;jilahf;fp (10Ω vd  ,Uf;fl;Lk;)

Njh;e;njLf;fg;gl;l K2  rhtp  %lg;gLfpwJ. r  vd;gJ  kpd;fyj;jpd;  mf  kpd;jil  vd;f.

kpd;jil R kw;Wk;  kpd;fyk;  topNa  kpd;Ndhl;lk; I MdJ ,e;j  kpd;dOj;j  NtWghL
kpd;dOj;jkhdpf;fk;gpf;f  FWf;Nf  cs;s  kpd;dOj;j  NtWghl;lhy;  rkd;nra;ag;gLfpwJ.
,e;j epsj;ij l2 vd;f. vdNt

I
R r

e
=

+
R d; FWf;Nf cs;s kpd;dOj;j NtWghL

RV
R r
e

=
+

2
R l

R r
e

µ
+

1

2

R r l
R l
+

=

1+ 1

2

r l
R l

= ;

1

2

1lr R
l

é ù
= -ê ú

ë û

1 2

2

l lr R
l

æ ö-
\ = ç ÷

è ø
R, l1 kw;Wk; l2 kjpg;Gfis  gpujpapl  kpd;fyj;jpd;  mfkpd;jil  fz;lwpag;gLfpwJ.

,r;NrhjidahdJ R  ,d;  ntt;NtW  kjpg;GfSf;F  kPz;Lk;  nra;ag;gLfpwJ.
Nrhjidapd;  KbTfspd;gb  kpd;fyj;jpd;  mfkpd;jil  khwpypahf  mikahky;
kpd;fyj;jpd;  FWf;NfAs;s  Gw  kpd;jil  kjpg;G  mjpfhpf;Fk;  NghJ  mjpfhpg;gij
fhzyhk;.

kpd;Ndhl;lj;jpd; ntg;g tpisT

xU  kpd;jilahf;fpapd;  topahf  kpd;Ndhl;lk;  ghAk;  NghJ>  kpd;jilahf;fpf;F
mspf;fg;gLk; kpd;dhw;wypy; rpwpjsT ntg;g Mw;wyhf khw;wg;gl;L tPzhfpwJ.

kpd;Ndhl;lj;jpd; ,e;j ntg;gtpisNt [{y; ntg;g tpisT vdg;gLk;.

kpd;Ndhl;lk;  vt;thW  ntg;g  Mw;wiy  Vw;gLj;JfpwNjh  mNjNghy;  ntg;g  Mw;wiy
jFe;j Kiwapy;  gad;gLj;jp  kpd;dpaf;F tpiria (kpd;  Mw;wy;)  ngw KbAk;.  ,JNt
ntg;g kpd; tpisT vdg;gLk;.

[Pypd; tpjp
xU flj;jpapd; FWf;Nf cs;s V vDk; kpd;dOj;j NtWghl;bdhy; I vd;w kpd;Ndhl;lk;
t  Neuj;jpw;F  gha;fpwwJ  vdpy;>  kpd;fyj;njhFg;gpdhy;  nra;ag;gl;;l  Ntiy  my;yJ
gad;gLj;jg;gLk; kpd;dOj;j Mw;wy;

W = VIt
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Gw  tpisTfs;  VJk;  ,y;iynadpy;>  ,e;j  Mw;wy;  flj;jpia  ntg;gg;gLj;j  gad;gLk;.

,jd; %yk; cUthFk; ntg;g Mw;wy; (H) MdJ

H = VIt
flj;jpapy; kpd;jil R ,Ue;;jhy;>

H = I2Rt

,e;j  njhlh;G  [{y;  vd;gtuhy;  Nrhjid Kiwapy;  rhpghh;f;fg;gl;lJ.  vdNt  ,J [{y;
ntg;g  tpjp  vdg;gLk;.  [{ypd;  tpjpg;gb>  xU  kpd;Rw;wpy;  kpd;Ndhl;lk;  gha;tjhy;
cUthf;fg;gLk; ntg;gkhdJ
1. kpd;Ndhl;lj;jpd; ,Ukbf;F Neh;j;jftpYk;
2. kpd;Rw;wpd; kpd;jilf;F Neh;j;jftpYk;
3. kpd;Ndhl;lk; ghAk; Neuj;jpw;F Neh;j;jftpYk; mikAk;

[{y; ntg;g tpjpapd; gad;ghLfs;

1. kpd; #Nlw;wpfs;
  kpd;  ,];jphpngl;b>  kpd;  #Nlw;wp>  nuhl;bRLk;  kpd;fUtp  Kjypad  kpd;Ndhl;lj;jpd;
ntg;g  tpisit  gad;gLj;Jk;  tPl;L  cgNahfr;  rhjdq;fshFk;.  ,e;j  rhjdq;fspy;
#Nlw;Wk; fk;gpahdJ epf;fy; kw;Wk; FNuhkpaj;jpd; cNyhff; fyitahd epf;Nuhkpdhy;
MdJ.  epf;Nuhkpd;  kpd;jil  vz;  kpf  mjpfk;.  NkYk;  ,jid  Mf;]pNdw;wk;
milahkNy kpf mjpf ntg;gepiyf;F ntg;gg;gLj;j KbAk;.

kpd; cUfpf; fk;gpfs;:

mjpfkhd  msT  kpd;Ndhl;lk;  kpd;rhjdq;fs;  topahf  ghAk;NghJ  Njhd;Wk;
ntg;gj;jpdhy;  mit  ghjpf;fg;glhky;  ,Uf;f  njhlhpizg;gpy;  kpd;  cUfpfs;
fhl;bAs;sthW  ,izf;fg;gLfpd;wd.  kpd;  cUfpf;  fk;gpfs;  vd;gJ  kpff;  Fiwe;j
ePsKs;s  Fiwthd  cUFepiy  nfhz;l  nghUshyhdit.  kpd;Ndhl;lj;jpd;  msT
Fwpg;gpl;l  kjpg;igtpl  mjpfhpf;Fk;  NghJ  ,it cUfp  kpd;  Rw;iw  jpwe;j  Rw;whf;Fk;.

15A  f;F  Fiwthf  kpd;Ndhl;lk;  nry;Yk;  kpd;Rw;Wfspy;  fhhPak; (Lead)  kw;Wk;

nts;sPaj;jpdhy; (Tin) Md cNyhff;fyit kpd; cUF ,ioahf gad;gLj;jg;gLfpwJ.

15A  f;F  mjpfkhd  kpd;Ndhl;lk;  nry;Yk;  kpd;Rw;Wfspy;  kw;Wk;  jhkpuf;fk;gpfs;  kpd;
cUF ,ioahf gad;gLj;jg;gLfpwJ.

,e;j  kpd;  cUF  ,ioapy;  cs;s  FiwghL  vd;dntd;why;  kpd;Ndhl;lk;  Fwpg;gpl;l
msit

tpl  mjpfhpf;Fk;  NghJ  cUfp  vhpe;J  tpLtjhy;  mjid  khw;w  Ntz;ba  mtrpak;
Vw;gLfpwJ.

jw;NghJ ekJ tPLfspy; kpd; cUfpfSf;F gjpyhf kpd;Rw;W Jz;bg;gd;fs; (Trippers)
gad;gLfpd;wd.  jtwhd  kpd;  ,izg;Gfs;  my;yJ  msTf;F  mjpfkhd  kpd;Ndhl;lk;
kpd;Rw;wpy;  ghAk;NghJ  kpd;  Jz;bg;ghd;fspd;  rhtp  kpd;  Rw;iw  jpwe;JtpLk;.  gpd;dh;
kpd;Rw;wpd; gOij ePf;fpaTld;> ehk; kpd; Jz;bg;ghdpd; rhtpia %b tplyhk;.

kpd; ciyfs;
ciyfs;  v/F>  rpypf;fhd;  fhh;igL>  Fthh;l;];>  Nfypak;  Mh;rpidL  Nghd;w  njhopy;

El;g Kf;fpaj;Jtk; tha;e;j gy nghUl;fis cUthf;f gad;gLj;jg;gLfpd;wd. 1500°C
ntg;gepiy  tiu  cUthf;f  khypg;bdk;  -  epf;fy;  fk;gp  Rw;wg;gl;l  rpypf;fh  Foha;

gad;gLfpd;wJ. fhh;gd; tpy; ciyfs; (Carbon are furnaces) Rkhh; 3000°C ntg;gepiy
tiu cUthf;f gad;gLfpd;wd.

kpd; tpsf;Ffs;
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kpd;  tpsf;Ffspy;  lq;f;];ld;  ,iofs;  (cUFepiy 3380°C)  fz;zhb  FLitfspy;
itf;fg;gl;L  kpd;Ndhl;lk;  %yk;  kP  cah;  ntg;gepiyf;F  #Nlw;wg;gLfpd;wd.  kpd;

tpsf;Ffspy; (Incandescent  lamp)  5% kl;LNk  kpd;  Mw;wy;  xspahf  khw;wg;gLfpwJ.

kPjKs;s  Mw;wy;  ntg;gkhf  tPzhfpwJ.  kpd;dpwf;f  tpsf;Ffs; (Discharge  lamp), kpd;
gw;witj;jy;  (nty;bq;)>  kpd;  tpy;  Nghd;wit  kpd;Ndhl;lj;jpd;  ntg;gtpisit
gad;gLj;Jfpd;wd.

ntg;g kpd; tpisT:
ntg;gkpd;  tpisT  vd;gJ  ntg;gepiy  NtWghl;il  kpd;dOj;j  NtWghlhf  khw;Wk;
epfo;T MFk;. ntg;gkpd; rhjdj;jpd; ,U gf;fq;fspYk; cs;s ntg;gepiy NtWghl;bd;
fhuzkhf  kpd;dOj;j  NtWghL  Njhd;WfpwJ.  mNjNghy;  kpd;dOj;j  NtWghl;il
,g;nghUl;fspy; Vw;gLj;jpdhy;> ntg;gepiy NtWghL Njhd;Wk;.

rPngf; tpisT
xU  %ba  Rw;wpy;  ,U  ntt;NtW  cNyhfq;fspd;  ,U  re;jpg;Gfis  ntt;NtW
ntg;gepiyfspy;  itf;Fk;NghJ  kpd;dOj;j  NtWghL  (kpd;dpaf;F  tpir)  Njhd;Wtij
rpngf;  fz;lwpe;jhh;.  ,k;  kpd;dpaf;F  tpirapdhy;  Vw;gLk;  kpd;Ndhl;lj;ij
ntg;gkpd;Ndhl;lk;  vd;wiof;fyhk;.  ,U  cNyhfq;fs;  ,izj;J  re;jpg;Gfis

Vw;gLj;JtJ ntg;g kpd;dpul;il (Thermocouple) vdg;gLk;.

ntg;g  kw;Wk;  Fsph;  re;jpfis  ,lkhw;wk;  nra;jhy;  kpd;Ndhl;lj;jpd;  jpirAk;  khWk;.
vdNt ,e;j tpisT xU kPs; tpisT MFk;.

ntg;g  kpd;dpul;ilapy;  Njhd;Wk;  kpd;dpaf;F  tpirapd;  vz;kjpg;G  (1)  kpd;dpul;ilapy;
,lk;ngWk;  cNyhfq;fspd;  jd;ik  kw;Wk;  (2)  re;jpfspd;  ntg;gepiy  NtWghL
Mfpatw;iw nghWj;jJ.

rPngf; tpistpd; gad;ghLfs;

1. rPngf;  tpisthdJ ntg;g  kpd;dpaw;wpfspy;  gad;gLfpwJ  (rPngf;  kpd;dpaw;wp).  ,e;j
ntg;g  kpd;dpaw;wpfs;>  kpd;  cw;gj;jp  epiyaq;fspy;  tPzhFk;  ntg;g  Mw;wiy
kpd;dhw;wyhf khWfpd;wd.

2. jhdpaq;fp  thfdq;fspy;  vhpnghUs;  gaDW jpwid mjpfhpf;f  gad;gLk;  jhdpaq;fp
ntg;g kpd;dpaw;wpfspy; gad;gLj;jg;gLfpwJ.

3. ntg;g  kpd;dpul;il  kw;Wk;  ntg;g  kpd;dpul;il  mLf;Ffspy;  gad;gLj;jg;gLk;
ngUl;fSf;fpilNa  cs;s  ntg;gepiy  NtWghl;il  mstpl   rPngf;  tpisT
gad;gLfpwJ.

ngy;bah; tpisT

ntg;g kpd;dpul;ilAld; $ba kpd; Rw;wpy; kpd;Ndhl;lj;ij nrYj;Jk;NghJ> xU re;jpapy;
ntg;gk; ntspg;gLjYk; kw;nwhU re;jpapy; ntg;gk; cl;fth;jYk; eilngWk;. ,t;tpisT
ngy;bah; tpisT vdg;gLk;. ,jid ngy;bah; 1834 y; fz;lwpe;jhh;.

Cu-Fe  ntg;g  kpd;dpul;ilapy; A  kw;Wk; B  Gs;sp  rkntg;gepiyapy;  cs;sd.  kpd;fy

mLf;fpypUe;J  kpd;Ndhl;lkhdJ  ntg;gkpd;dpul;il  topNa  gha;fpwJ. A  re;jpapy;

kpd;Ndhl;lk; jhkpuj;jpypUe;J ,Uk;gpw;F gha;fpwJ. mq;F ntg;gk; cl;ftug;gl;L re;jp A
Fsph;tilfpwJ.  re;jp B  y;  kpd;Ndhl;lk;  ,Ug;gpypUe;J  jhkpuj;jpw;F  gha;tjhy;  mq;F

ntg;gk;  ntspg;gl;L  re;jp B  ntg;gkilfpwJ.  kpd;Ndhl;lj;jpd;  jpiria khw;wpdhy;> A
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re;jp  ntg;gilAk;> B  re;jp  Fsph;tilak;.  vdNt ngy;bah;  tpisT xU kPs;  tpisT
MFk;.

jhk;]d; tpisT
xU flj;jpapd;  ,UGs;spfs;  ntt;NtW ntg;gepiyfspy;  cs;sNghJ>  ,e;j Gs;spfspy;
vyf;l;uhd;  mlh;j;jp  NtWgLtjhy;  ,t;tpU  Gs;spfSf;fpilNa  kpd;dOj;j  NtWghL
cUthf;fg;gLk; vd;gij jhk;]d; ep&gpj;jhh;. jhk;]d; tpisTk; kPs;tpisT MFk;.

C  vDk;  ikag;Gs;spapy;  ntg;gg;gLj;jg;gLk; AB vDk;  jhkpuj;  jz;L  topNa

kpd;Ndhl;lk;  gha;fpwJ vdpy;> C vd;w  Gs;sp  cah;  kpd;dOj;jj;jpy;  mikAk;.  ,jdy;

AC gFjpapy; ntg;gk; cl;fth;jYk; CB
gFjpapy; ntg;gk; ntspg;gLjYk; eilngWk;.

vdNt  kpd;Ndhl;l  gha;tpd;  fhuzkhf  kpd;Ndhl;lj;jpd;  jpirapy;  ntg;gg;  ghpkhw;wk;
eilngWk;.  ,J Neh;f;Fwp jhk;]d; tpisT vdg;gLk;.  ,J Neh;f;Fwp jhk;]d; tpisT
vdg;gLk;.  ,J  Nghd;w  tpisT  nts;sp>  Jj;jehfk;  kw;Wk;  fhl;kpak;  Nghd;w
cNyhfq;fspYk; eilngWk;.

jhkpuj;  jz;Lf;F  gjpyhf  ,Uk;Gj;jz;bid  gad;gLj;Jk;NghJ> CA gFjpapy;  ntg;gk;

ntspg;gLj;JjYk; BC gFjpapy;  ntg;g  cl;fth;jYk;  eilngWk;.  ,q;F  kpd;Ndhl;l
gha;tpdhy;  kpd;Ndhl;lj;jpd;  jpirf;F vjph;  jpirapy;  ntg;g  ghpkhw;wk;  eilngWk;.  ,J
vjph;f;Fwp jhk;]d; tpisT vdg;gLk;. ,J Nghd;w tpisT gpshl;bdk; epf;fy;> Nfhghy;l;
kw;Wk; ghjurk; Nghd;w cNyhfq;fspYk; eilngWk;.

myF 7
miy xspapay; (WAVE OPTICS)

xspiag;gw;wpa nfhs;iffs; (Theories of Light)

xsp  vd;gJ xUtifahd Mw;wyhFk;.  ,t;thw;wy;  Xhplj;jpypUe;J>  kw;Nwhh;  ,lj;jpw;Fg;
guTfpwJ.  mwptpay;  mwpQh;fshy;  Kd;itf;fg;gl;l  xspiag;  gw;wpa  gy;NtW
nfhs;iffs;  xspapd;  jd;ikiag;  gw;wp  kl;Lk;  $whky;  xspguTk;  Kiw  kw;Wk;
xspapdhy; Vw;gLk; epfo;Tfisg; gw;wpAk; tpsf;Ffpd;wd.

Ez;Jfs; nfhs;if (Corpuscular theory)

xspisg;gw;wp  Ez;Jfs;  nfhs;ifia  rh;  Irf;  epA+l;ld; (Sir  Isaac  Newton)  (16720
nfhLj;jhh;.  ,jw;F  Kd;Ng>  nl];fhh;l;]; (Descartes) (1637)  xsp  vjpnuhspg;G  kw;Wk;
xsptpyfiy  tpsf;Ftjw;Ffhf  ,f;nfhs;ifiag;  ghpe;Jiuj;jhh;.  ,f;nfhs;ifapd;gb
xsp  kpfr;rpwpa>  epiwaw;w  (Gwf;fzpj;jf;f  rpwpa  epiw)  kw;Wk;  KO  kPl;rpAWk;

Jfs;fshf  ckpog;gLfpd;wJ.  ,tw;Wf;F  Ez;Jfs;fs; (corpuscles) vd;W  ngah;.
Ez;Jfs;fs;  kpfr;rpwpait. vdNt> xsp%yk;  ePz;l fhyj;jpw;F xspia ckpo;e;jhYk;>
mjd; epiwapy; Fwpg;gplj;jf;f khw;wk; VJk; Vw;glhJ.

Ez;Jfs;fs; kpfNtfkhfr; nry;tjhy;> mit GtpaPh;g;G tpirapdhy; vt;tpjghjpg;igAk;
milahJ.  NkYk;>  xNu  xsptpyfy;  vz;  nfhz;l  rPuhd  Clfj;jpy;  Ez;Jfs;fspd;
ghij  xU  Neh;NfhlhFk;.  ,e;j  Ez;Jfs;fspd;  ,af;f  Mw;wNy  xspapd;  Mw;wyhFk;.
,e;j  Ez;Jfs;fs;  tpopj;jpiuapd;  kPJ  NkhJtjhy;  ghh;it  Vw;gLfpd;wJ.  ntt;NtW
msTfs;  nfhz;l  Ez;Jfs;fs;  ntt;NtW  tz;zq;fisj;  Njhw;Wtpf;fpd;wd.
Ez;Jfs;fs;  ,uz;L  Clfq;fisg;  gphpf;Fk;  jsj;jpid  milAk;  NghJ>  mit
<h;f;fg;glyhk;  my;yJ tpyf;fg;glyhk;.  Clfj;jpdhy;  Ez;Jfs;fs; tpyf;fg;gl;lhy;  xsp
vjpnuhspg;Gk;> <h;f;fg;gl;lhy; xsptpyfYk; Vw;gLfpd;wJ.
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xspahdJ  mlh;Fiw  Clfj;jpy;  NtfkhfTk;>  mlh;kpF  Clfj;jpy;  nkJthfTk;
nry;tjw;fhd  fhuzj;ij  ,f;nfhs;ifahy;  tpsf;fKbatpy;iy.  NkYk;>  FWf;fPl;L
tpisT>  tpspk;G  tpisT  kw;Wk;  jstpisT  Nghd;w  epfo;TfisAk;  ,f;nfhs;ifahy;
tpsf;fKbatpy;iy.
miyf;nfhs;if (wave Theory)
Clfj;jpd; topahf xsp guTtij tpsf;Ftjw;fhff; fphp];bad; i`nfd;]; (Christian
Huygens)  (1678)  miyf;nfhs;ifia  Kd;nkhope;jhh;.  ,thpd;  nfhs;ifapd;gb>  xsp
vd;gJ xsp%yj;jpdhy; Vw;gLk; xU khWghlhFk;. ,k;khWghL ntspKOtJk; epuk;gpAs;s
Xh; Clfj;jpd; topNa ,ae;jpu miyahd nel;liy tbtpy; guTfpwJ vdTk;> ,ae;jpu

miy guTtjw;F Clfk; mtrpak;. vdNt> <jh; (ether) vd;w Clfk; ntsp KOtJk;
gutpAs;sJ vdTk; A+fpj;Jf;nfhz;lhh;. xsp vjpnuhspg;G> xsptpyfy;> FWf;fPl;L tpisT
kw;Wk;  tpspk;G  tpisT  Nghd;w  xspapd;  tpisTfis  miyf;nfhs;if  ed;F
tpsf;fpaJ.

gpd;G>  ntspKOtJk;  gutpAs;s  <jh;  Clfj;ijg;gw;wp  ,th;  nfhs;if  jtW  vd;W
ep&gpf;fg;gl;lJ.  vdNt>  ntw;wplj;jpd;  topNa  xsp  vt;thW  guTfpd;wJ  vd;gijAk;
,f;nfhs;ifapdhy;  tpsf;f  Kbatpy;iy.  NkYk;>  xspapd;  jstpisitAk;
,f;nfhs;ifapdhy; tpsf;f Kbatpy;iy. Vnddpy;> jstpisT vd;gJ FWf;fiyfspd;
gz;ghFk;.

kpd;fhe;j miyf;nfhs;if (Electromagnetic wave theory)
xsp>  FWf;fiy  tbtpy;  guTk;  kpd;fhe;j  Mw;wiy  Rke;J  nry;Yk;  kpd;fhe;j  miy

vd;W  Nkf;];nty; (Maxwell)  (1864) ep&gpj;jhh;.  NkYk;>  kpd;fhe;j  miy  guTtjw;F
vt;tpj  ClfKk;  Njitapy;iy  vd;Wk;  ,tuhy;  ep&gpj;Jf;  fhl;l  Kbe;jJ.  xspapd;
midj;j epfo;TfisAk; ,f;nfhs;if ntw;wpfukhf ep&gpj;jJ.

,Ug;gpDk;>  ,f;nfhs;ifapdhy;  xsp  kw;Wk;  gUg;nghUSf;F  ,ilNa  Vw;gLk;

,iltpidia mjhtJ> xspkpd; tpisT (Photoelectric  effect) kw;Wk; fhk;ld; tpisT
(Compton effect) Nghd;wtw;iw tpsf;f Kbatpy;iy.

Fthz;lk; nfhs;if (Quantum theory)
My;gh;l;  Id;];Bd; (Albert  Einstein)  (1905), Nkf;];  gpshq;  (1900)fpd;  fUj;Jfis
cWjpg;gLj;Jk;  tpjkhf>  xspkpd;  tpisit  tpsf;fpdhh;.  xspkpd;  tpistpd;gb>
xspahdJ  /Nghl;lhd;  tbtpy;   gUg;nghUspd;  kPJ  Nkhjp>  gUg;nghUspypUe;J
vyf;l;uhd;fis  ckpor;  nra;fpwJ.  /Ngl;lhd;  vd;gJ  jdpj;jdp  Mw;wy;  rpg;gq;fshFk;.

xt;nthU /Nghl;lhDk; ngw;Ws;s Mw;wy; E MFk;. MjhtJ>
E = hv

,q;F> h vd;gJ gpshq; khwpypahFk;. (Plank’s constant) (h = 6.625 × 10-34 Js) kw;Wk; vd;gJ
kpd;fhe;j miyapd; mjph;ntz;izf; Fwpf;fpwJ.

miyg;gz;G  kw;Wk;  Jfs;  gz;G  ,uz;L  gz;GfisAk;  xUq;Nf  ngw;Ws;s  xspapd;
,g;gz;gpw;F> ,ul;ilg;gz;G vd;W ngah;. xsp guTk;NghJ miyahfTk;> gUg;nghUSld;
,iltpid  GhpAk;NghJ JfshfTk; nray;gLfpd;wJ vd;W KbT nra;ag;gLfpwJ.

xspapd; miyg;gz;G (Wave nature of light)

xsp FWf;fiy tbtpy; cs;s kpd;fhe;j miyahFk;. FWf;fPl;L tpisT kw;Wk; tpspk;G
tpisT njhlh;ghd Nrhjidfspy;  ,Ue;J xspapd;  miyg;gz;G ekf;Ff;  fhl;lg;gl;lJ.
xspapd;  FWf;fiyg;gz;ig  tpsf;Fk;  epfo;T  jstpisthFk;.  midj;J  kpd;fhe;j
miyfisg; Nghd;Nw xspAk; ntw;wplj;jpd; topNa guTk;.

miy xspapay; (Wave optics)
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xsp> vjpnuhspg;G kw;Wk; xsp tpyfy; epfo;Tfis miy xspapaypd; mbg;gilapy;jhd;
tpsf;f  KbAk;.  xsp  miytbtpy;  gutpdhYk;  xspguTk;  jpir  xspf;fjpiuf;
nfhz;Ljhd; Fwpg;gplg;gLfpwJ.

rydkw;w  jz;zPh;g;gug;gpd;  kPJ  fy;xd;wpidg;  NghLk;NghJ>  mf;fy;  tpOe;j  gFjpiar;
Rw;wp  tl;ltbt rpw;wiyfs;  xsp>  vjpnuhspg;G  kw;Wk;  xsp  tpyfy;  epfo;Tfis miy
xspapaypd;  mbg;gilapy;jhd;  tpsf;f KbAk;.  xsp miytbtpy;  gutpdhYk; xspguTk;
jpir xspf;fjpiuf; nfhz;Ljhd; Fwpg;gplg;gLfpwJ.

xNu  rydkw;w  jz;zPh;g;gug;gpd;  kPJ  fy;  xd;wpidg;  NghLk;NghJ>  mf;fy;  tpOe;j
gFjpiar;  Rw;wp  tl;ltbt  rpw;wiyfs;  guTk;.  ,e;epfo;r;rp  miyguTtjw;F  Xh;  rpwe;j
cjhuzkhFk;. rpw;wiy xU Fwpg;gpl;l Gs;spiaf; fle;J nry;Yk; NghJ> mg;Gs;spapy;
cs;s  ePh;  %yf;$Wfs;  my;yJ  Jfs;fs;  NkYk;  fPOkhf  ,aq;Fk;  (my;yJ)
miyTWk;.  xU  ikag;Gs;spapypUe;J  rknjhiytpy;  cs;s  rpw;wiyapd;  midj;Jf;
Jfs;fSk; xNu fl;lj;jpy;  mjph;tilAk;  miyKfg;igg;  nfhz;bUf;Fk;  xNu epiyapy;
my;yJ  xNu  fl;lj;jpy;  mjph;tilAk;  Gs;spfis  ,izf;Fk;  Kd;Gw  ciwf;F
miyKfg;G  vd;W  ngah;.  miyguty;  vd;gJ>  miyKfg;G  guTtijNa  Fwpf;fpwJ.
miyKfg;G vg;NghJk;  miyguTk;  jpirf;F nrq;Fj;jhfNt ,Uf;Fk;.  xspf;fjphpd;jpir
miyguTk;  jpirapNyNa  ,Ue;jhy;>  miyKfg;G>  vg;NghJk;  xspf;fjphpd;  jpirf;Fr;
nrq;Fj;jhf fhl;lg;gl;Ls;sJ Nghy; ,Uf;Fk;.

xU  Gs;spapy;  cw;WNehf;fg;gLk;  miyKfg;gpd;  tbtk;  xsp  %yj;jpd;  tbtj;ijAk;>
xsp  %yk;  mike;Js;s  njhiyitAk;  rhh;e;Js;sJ.  tuk;Gf;Fl;gl;l  njhiytpy;
mike;Js;s  xU  Gs;sp  xsp  %yk;  vg;nghOJk;  Nfhsf  miyKfg;igNa  jUfpwJ.
tuk;Gf;Fl;gl;l njhiytpy; mike;Js;s ePl;lg;gl;l (my;yJ) Nfhl;L xsp%yk;> cUis
tbt  miyKfg;igj;  jUfpwJ.  <hpy;yhj;  njhiytpy;  mike;Js;s  ve;j  Xh;  xsp
%yj;jpdhYk; Njhd;WtJ rkjs miyKfg;Gfs;.

i`nfd;]; jj;Jtk; (Huygens’ Principle)

i`nfd;]; jj;Jtk; mbg;gilapy; xU tbtpay; fl;likg;ghFk;. t  =  0 vd;w Neuj;jpy;
miyKfg;gpd;  tbtk;  ekf;Fj;  njhpe;jhy;>  ve;j  xU  Neuj;jpYk;  cs;s
miymiyKfg;gpd; tbtj;ij i`nfd;]; jj;Jtj;ijg; gad;gLj;jp ehk; fz;lwpayhk;.
i`nfd;];  jj;Jtj;jpd;gb>  miyKfg;gpYs;s  xt;nthU  Gs;spAk;  ,uz;lhk;  epiy
miyf;Fl;bfis cUthf;Fk; xsp %ykhfr; nray;gLk;. ,g;Gs;spfspypUe;J ntsptUk;
,uz;lhk;epiy  miyf;Fl;bfs;>  miyapd;  Ntfj;jpy;>  Clfj;jpd;  midj;Jj;
jpirfspYk;  guTk;.  ,e;j  ,uz;lhk;  epiy  miyFl;bfSf;F  tiuag;gLk;  nghJthd
njhLNfhL  my;yJ  ,uz;lhk;  epiy  miyf;Fl;bfspd;  Kd;Gw  ciw>  mLj;J  Vw;gLk;
Gjpa miyKfg;igf;  nfhLf;Fk;.  vdNt>  i`nfd;];  jj;Jtk;  miyKfg;gpd;  gutiy
tpsf;FfpwJ. Nfhsf kw;Wk; rkjs miyKfg;Gfspd; gutiy i`nfd;]; jj;Jtj;jpd;
%yk; tpthpf;fyhk;. t  = 0 vd;w Neuj;jpy; cs;s miyKfg;ig> AB vd;f. i`nfd;];

jj;Jtj;jpd;gb AB miyKfg;gpd;   xt;nthU Gs;spAk;>  miyapd;  Ntfj;jpy;  (xspapd;

Ntfk; c -  ,y;)  nry;Yk;  ,uz;lhk;  epiy miyf;Fl;bfis cUthf;Fk;  xsp%ykhfr;

nray;gLk; t fhyk;  fopj;J  miyKfg;gpd;  Gjpa  epiyia  mwptjw;F AB  kPJs;s

P,Q,R…  vd;w  Gs;spfis  ikakhff;  nfhz;L ct  I  Mukhff;nfhz;L  tl;lq;fs;

tiuaNtz;Lk;.  ,r;rpWtl;lq;fspd;  Kd;Gw  ciw  my;yJ  njhLNfhL A’B’  MdJ t
Neuj;jpy; Vw;gLk; Gjpa miyKfg;ghFk;. Fwpg;gpl;l njhiytpYs;s Gs;sp xsp %yj;jhy;

Vw;gLk;  ,g;Gjpa  miyKfg;G A  ‘B’ xU  Nfhsf  miyKfg;ghf  ,Uf;Fk;.  ,J
fhl;lg;gl;Ls;sJ. xsp%yk; kpf ePz;l J}uj;jpy; (<hpy;yhj; njhiytpy;) ,Ue;jhy; rkjs
miyKfg;ghf ,Uf;Fk;.

miyguTtij  tpsf;Fk;  i`nfd;];  fl;likg;gpy;  xU  FiwghL  cs;sJ.  Nkw;fz;l

fl;likg;gpy;  Njhd;Wk;  gpd;miy (Back  wave) vt;thW  kiwfpd;wJ  vd;gij
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,f;nfhs;if  tpsf;ftpy;iy.  kpd;fhe;j  miyf;nfhs;ifapd;  mbg;gilapy;  gpd;
miyfspd;  guty;  ,ay;ghfNt  xJf;fpj;js;sg;gLfpd;wd.  ,Ue;jNghjpYk;>  i`nfd;];
fl;likg;G miyKfg;G xd;wpd; gutiy tiugl tbtpy; ed;F tpsf;FfpwJ.

i`nfd;];  jj;Jtj;jpd;  mbg;gilapy;  vjpnuhspg;G  tpjpfis  ep&gpj;jy; (Proof  for
Laws of reflection using Huygens’ Principle)

XY  vd;w  rkjsf;  fz;zhbapd;  vjpnuhspg;Gg;  gug;gpd;  kPJ  fhl;bAs;sthW  ,iz

xspf;fw;iwfs;  tpOfpd;wd  vdf;  fUJf.  gLk;  rkjs  miyKfg;G AB  kw;Wk;

vjpnuhspg;G  miyKfg;G A’B’  ,t;tpuz;L  miyKfg;GfSk;  xNu  Clfj;jpy;  cs;sd.

,e;j  miyKfg;Gfs;  gLfjph;fs; M,M kw;Wk;  vjpnuhspg;Gf;  fjph;fs; L’,  M’
Mfpatw;wpw;Fr;  nrq;Fj;jhf  cs;sd.  gLk;  miyKfg;gpYs;s A  Gs;sp>  vjpnuhspg;Gg;

gug;igj;  njhLk;  Neuj;jpy;> B  Gs;sp BB’  njhiyT  gazk;  nra;J>  vjpnuhspg;Gg;

gug;gpYs;s B’ Gs;spia milfpwJ.

B  Gs;sp  vjpnuhspg;Gg;  gug;gpYs;s B’  Gs;spia  njhLk;  me;j  Neu  ,ilntspapy; A
Gs;sp A’ I milfpwJ.  miyKfg;gpYs;s midj;Jg;  Gs;spfSf;Fk;  ,J nghUe;Jk;.

vdNt> A’B’ vd;w rkjs vjpnuhspg;G miyKfg;G fpilf;Fk;.  xspf;fjph;fs; L kw;Wk;
M  ,uz;Lk;  vjpnuhspg;Gg;  gug;gpy;  tpOk;  Gs;spfspy; N kw;Wk; N’  vd;w  ,uz;L
nrq;Fj;Jf;NfhLfs;  tiuag;gLfpd;wd.  vjpnuhspg;Gk;  ,Nj  Clfj;jpy;  eilngWtjhy;
vjpnuhspg;Gf;F Kd;Gk; kw;Wk; vjpnuhspg;Gf;Fg; gpd;Gk; xspapd;

jpirNtfj;jpy;  vt;tpj  khw;wKk;  Vw;glhJ.  xsp A  tpypUe;J A’  tu

vLj;Jf;nfhs;Sk;  NeuKk; B  apypUe;J B’  tu  vLj;Jf;nfhs;Sk;  NeuKk;  rkk;.

,jd;fhuzkhfj;  njhiyTfs; AA’  kw;Wk; BB’  ,uz;Lk;  xd;Wf;nfhd;W  rkk;

(AA’ = BB’)

1. gLfjph;fs;>  vjpnuhspg;Gf;fjph;fs;>  vjpnuhspg;Gg;  gug;G  kw;Wk;  nrq;Fj;Jf;NfhL
midj;Jk; xNu jsj;jpy; cs;sd.

2. gLNfhzk;>
Ð i = Ð NAL = 90˚ – Ð  NAB = Ð  BAB’

vjpnuhspg;Gf; Nfhzk;>
' ' ' 90 ' ' ' ' 'r N B M N B A A B AÐ = Ð = ° - Ð = Ð

nrq;Nfhz Kf;Nfhzq;fs; ΔABB’ kw;Wk; ΔB’A’A ,uz;bYk; nrq;Nfhzq;fs; Ð B kw;Wk;

Ð A’ rkk;. ( Ð B kw;Wk; Ð A’  =  90˚);  AA’ kw;Wk; BB’ ,uz;L gf;fq;fSk; rkk; (AA’  =
BB’) NkYk;>  gf;fk; AB’ ,uz;L  nrq;Nfhz Kf;Nfhzq;fSf;Fk;  nghJthdJ.  vdNt>

,t;tpuz;L  Kf;Nfhzq;fSk;  xg;G  Kf;Nfhzq;fshFk; (Congruent).  xg;G

Kf;Nfhzq;fSf;Ff;  Nfhzq;fs; Ð  BAB’ kw;Wk; Ð  A’B’A Mfpait  xd;Wf;nfhd;W
rkkhFk;. vdNt>

i = r
gLNfhzk;>  vjpnuhspg;Gf;  Nfhzj;jpw;Fr;  rkkhFk;.  vdNt>  vjpnuhspg;G  tpjpfs;
ep&gpf;fg;gl;ld.

i`nfd;];  jj;Jtj;jpd;  mbg;gilapy;  xsptpyfy;  tpjpfis  ep&gpj;jy; (Proof  for
Laws of refraction using Huygens’ Principle)

xspGFk;  jd;ik  nfhz;l  fz;zhbg;  gug;G XY  d;  kPJ>  fhl;bAs;sthW  ,iz

xspf;fw;iwfs;  tpOfpd;wd  vdf;  fUJf.  gLk;  rkjs  miyKfg;G AB  mlh;Fiw

Clfk; (1)  Yk;>  xsptpyF  miyKfg;G>  gug;G XY d;  kPJ>  fhl;bAs;sthW  ,iz
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xspf;fw;iwfs;  tpOfpd;wd  vdf;  fUJf.  gLk;  rkjs  miyKfg;G AB  mlh;Fiw

Clfk; (I) Yk;> xsptpyF miyKfg;G> mlh;kpF Clfk; (2) Yk; cs;sd. ,t;tpuz;L

miyKfg;GfSk; gLfjph; L, M kw;Wk; tpyF L’, M’ Mfpatw;wpw;Fr; A Gs;sp> xsptpyF

gug;igj;njhLk; me;j Neuj;jpy;> B Gs;sp BB’ njhiyitf; fle;J xsptpyF gug;gpd; B’

d;w Gs;spiaj; njhLfpwJ. B Gs;sp xsptpyF gug;gpd; B Gs;spiaj; njhLk; Neuj;jpy;
A Gs;sp  kw;Nwhh;  Clfj;jpy; A’ njhiyit flf;fpwJ.  miyKfg;gpYs;s midj;Jg;

Gs;spfSf;Fk;  ,J  nghUe;Jk;.  vdNt A’B’  vd;w  rkjs  xsptpyF  miyKfg;G

fpilf;Fk;. xsptpyF gug;gpy; L kw;Wk; M fjph;fs; gLk; Gs;spapy; N kw;Wk; N’ vd;w
,uz;L nrq;Fj;Jf; NfhLfs; fUjg;gLfpd;wd. ,q;F mlh; Fiw Clfj;jpy; (1) ,Ue;J>
mlh;kpF  Clfj;jpw;F  (2)  xsptpyfy;  Vw;gLtjhy;>  xsptpyfYf;F  Kd;G  xspapd;

jpirNtfk; v1  kw;Wk;  xsptpyfYf;Fg;  gpd;G  xspapd;  jpirNtfk; v2  MFk;.  ,q;F v1

MdJ v2  I  tpl  mjpfk;.  Mdhy;>  xspf;fjph;fs; B  apypUe;J B’ Gs;spf;Fr;  nry;y

vLj;Jf;nfhs;Sk; NeuKk;> A tpypUe;J A’ Gs;spf;Fr; nry;y vLj;Jf;nfhs;Sk; NeuKk;
rkk;.

1 2

' 'BB AAt
v v

= =   (my;yJ) 1

2

'
'

BB v
AA v

=

1. gLfjph;fs;>  tpyFfjph;fs;>  xsptpyF  gug;G XY  kw;Wk;  nrq;Fj;Jf;NfhLfs;
midj;Jk; xNu jsj;jpy; mikfpd;wd.

2. gLNfhzk;>
i  = Ð  NAL = 90˚ – Ð   NAB = Ð  BAB’
tpyFNfhzk;>

r = Ð  N’B’M’ = 90˚ – Ð  N’ B’ A = Ð  A’B’A

nrq;Nfhz Kf;Nfhzq;fs; ΔABB’ kw;Wk; ΔAA’B - ,uz;bYkpUe;J

1 1 2

2 2 1

sin '/ ' ' /
sin '/ ' ' /

i BB AB BB v v c c v
r AA AB AA v v c c v

= = = = ´ =

,q;F c  vd;gJ>  ntw;wplj;jpy;  xspapd;  NtfkhFk;.  tpfjk; c/v xU  khwpypahFk;.
,k;khwpypf;F Clfj;jpd; xsptpyfy; vz; vd;W ngah;. Kjy; Clfj;jpd; (1) xsptpyfy;
vz; c/v1 = n1 kw;Wk; ,uz;lhtJ Clfj;jpd; (2) xsptpyfy; vz; c/v2 = n2 MFk;.
tpfpj tbtpy;

2

1

sin
sin

i n
r n

=

ngUf;fy; tbtpy;
n1sini = n2 sin r

vdNt>  xsptpyfy;  tpjpfs;  ep&gpf;fg;gl;ld.  ,NjKiwapy;>  miyKfg;G  mlh;kpF
Clfj;jpy;  ,Ue;J> mlh;Fiw Clfj;jpw;F tUk;NghJk;  xsptpyfy;  tpjpfis ep&gpf;f
KbAk;.

xspapd;  Ntfk;  xsptpyfy;  vz;zpw;F  vjph;j;jftpYk;  miyePsj;jpw;F  Neh;j;jftpYk;
( )v lµ cs;sjhy;>

1 2

2 1

n
n

l
l

=

Fwpg;gpl;l mjph;ntz; nfhz;l xsp> ntt;NtW Clfq;fspd; topahfr; nrd;whYk;
mjd;  mjph;ntz;  khw;wkilahJ.  Mdhy;>  miyePsk;  kl;LNk  mt;T+lfj;jpy;
xspapd; Ntfj;jpw;F Vw;g khw;wkilAk;.
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FWf;fPl;L tpisT (Interference)

,uz;L  xsp  miyfs;  xd;wpd;  kPJ  kw;nwhd;W  Nkw;nghUe;Jtjhy;  rpy  Gs;spfspy;
xspr;nrwpT  mjpfhpf;Fk;>  NtWrpy  Gs;spfspy;  xspr;nrwpT  FiwAk;  epfo;Tf;F  xspapd;
FWf;fPl;L  tpisT  vd;W  ngah;.  Nkw;nghUe;jy;  vd;gJ  xsp  miyfspd;  $Ljiyf;
Fwpf;fpwJ. ,ae;jpu miyfspd; Nkw;nghUe;Jjpiyg;gw;wp ,uz;L miyfs; xNu Neuj;jpy;
Clfj;jpYs;s Jfspd;  topNa nry;Yk;NghJ njhFgad;  ,lg;ngah;r;rpahdJ xt;nthU
njhFgad;  ,lg;ngah;r;rpahdJ  xt;nthU  miyapdhYk;  Jfspd;  kPJ  Vw;gLj;Jk;
jdpj;jdp  ,lg;ngah;r;rpfspd;  ntf;lh;  $LjYf;Fr;  rkk;.  Nkw;nghUe;Jk;  miyfSf;F
,ilNa  cs;s  fl;lNtWghl;ilg;  nghUj;J>  njhFgad;  ,lg;ngah;r;rp  ngUkkhfNth
my;yJ rpWkkhfNth ,Uf;Fk;.

,f;fUj;Jfs; xspf;Fk; nghUe;Jk;. S1 kw;Wk; S2 vd;w ,uz;L xsp %yq;fspypUe;J tUk;

xsp miyfisf; fUJf. mit P vd;w Gs;spapy; re;jpf;fpd;wd.

t Neuj;jpy; S1 xsp %yj;;jpy; ,Ue;J P Gs;spia milAk; miy>
y1 = a1 sin wt

t Neuj;jpy; S2 xsp%yj;jpy; ,Ue;J P Gs;spia milAk; miy>

y2 = a2 sin (wt + f )
,t;tpuz;L  miyfSk;>  ntt;NtW  tPr;RfisAk; a1  kw;Wk; a2  xNu  Nfhz

mjph;ntz;izAk; w  kw;Wk; f vd;w  fl;lNtWghl;ilAk;  ngw;Ws;sd.  ,t;tpuz;L

miyfspdhy; Vw;gl;l njhFgad; ,lg;ngah;r;rp>
y = y1 + y2 = a1 sin wt + a2 sin (wt + f )

Kf;Nfhztpay;  Kw;nwhUikfisg;  gad;gLj;jp  ,r;rkd;ghl;ilj;  jPh;T  nra;Ak;NghJ>
gpd;tUk; rkd;ghL fpilf;Fk;.

y = A sin (wt + θ)
,q;F 2 2

1 2 1 22 cosA a a a a f= + +

1 2

1 2

sintan
cos

a
a a

f
q

f
-=

+
0, 2 , 2 ....,f p p= ± ± vd;w epge;jidfspy; njhFgad; tPr;R ngUkkhFk;>

2
max 1 2( )A a a= +

, 3 , 5 ....,f p p p= ± ± ± vd;w epge;jidfspy; njhFgad; tPr;R rpWkkhFk;>

1 2

1 2

sintan
cos

a
a a

f
q

f
-=

+
2

min 1 2( )A a a= +
xspr;nrwpT> tPr;rpd; ,Ukbf;F Neh;tpfpjj;jpy; ,Uf;Fk;

2I Aµ
,UGwKk; ,Ukbahf;f>

1 2 1 22 cosI I I I I f= + +
fl;lNtWghL 0, 2 , 4 ...,f p p= ± ± vd;gJ  xspapd;  ngUkr;  nrwptpw;fhd

epge;jidahFk;. ,jw;F Mf;ff;FWf;fPl;L tpisT vd;W ngah;.

njhFgad; ngUk xspr;nrwpT>
1 2 2

mI ( )ax a aµ +
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max 1 2 1 2I 2I I I I= + - +
fl;lNtWghL , 3 , 5f p p p= ± ± ± …., vd;gJ xspapd;  rpWkr;  nrwptpw;fhd epge;jidahFk;.

,jw;F mopTf;FWf;fPl;L tpisT vd;W ngah;.
njhFgad; rpWk xspr;nrwpT>

2
m 1 2I ( )in a aµ -

m 1 2 1 2I 2in I I I I= + -

rpwg;G Neh;thf 1 2a a a= = vdpy;> rkd;ghL khw;wkilAk;>

2 2 22 2 cos 2 (1 cos )A a a af f= + = +

= 2 22 cos ( / 2)a f
A = 2acos (f /2)

I µ 4a2 cos2 (f /2) [ 2I AµQ ]
I = 4 I0 cos2 (f /2) [ 2

0I aµQ ]
Imax = 4I0 vdpy; 0, 2 ,4 ....,f p p= ±
Imin = 0 vdpy;> , 3 , 5 ....,f p p p= ± ± ±

,uz;L  xsp  miyfSk;  re;jpf;Fk;  Gs;spapy;  Vw;gLk;  xspr;nrwpit>  ,t;tpuz;L
miyfSf;fpilNa  cs;s  fl;lNtWghL f jPh;khdpf;fpwJ  vd;gij  ,jpypUe;J

ehk; mwpayhk;.

fl;lNtWghL kw;Wk; ghijNtWghL (Phase difference and Path difference)
mjph;tpd;  Nfhz  epiyf;Ff;  fl;lk; (Phase) vd;W  ngah;.  miy  guTk;NghJ>
miyapy; cs;s mjph;tpd; fl;lepiyf;Fk;> miy fle;J nrd;w ghijf;FkpilNa
xU  njhlh;G  cs;sJ.  miy  xd;wpd;  fl;lepiyia>  mt;tiy  fle;J  nrd;w
ghijia>  mt;tiyapd;  fl;lepiyapd;  mbg;gilapYk;  tpthpf;fyhk;.  miy
xd;wpd;  ghij  Xh;  miyePsk;  tpw;Fr;  rkkhd  fl;lk; 2p MFk;. f
fl;lNtWghl;bw;Fr; rkkhd ghijNtWghL δ gpd;tUkhW

2
l

d f
p

= ´ my;yJ
2p

f d
l

= ´

Mf;ff; FWf;fPl;L tpistpw;F> fl;lNtWghL 0,2 ,4f p p= vdNt> ghijNtWghL

δ = 0, λ, 2λ nghJthf miyePsj;jpd; KO vz; klq;fhf ,Uf;Fk;.

δ = nλ ,q;F, n = 0, 1, 2, 3 …….
mopTf;  FWf;fPl;L  tpistpw;Ff;  fl;lNtWghL ,3 ,5f p p p= …. vdNt>  ghijNtWghL

3 5, ,
2 2 2
l l l

d =

nghJthf miu miyePsj;jpd; KO vz; klq;fhf ,Uf;Fk;.

δ = (2n – 1)
2
l

,q;F n = 1, 2, 3

Xhpay; %yq;fs; (Coherent Sources)

,uz;L miy %yq;fs; Xhpay; %yq;fshf ,Uf;f Ntz;Lnkdpy;> mit ,uz;Lk; xNu
fl;lNtWghl;ilf;nfhz;l  my;yJ  xNu  fl;lj;ij  cila  miyfis  cUthf;f
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Ntz;Lk;.  NkYk;  mt;tpuz;L  miy%yq;fSk;  xNu  mjph;ntz;  my;yJ  miyePsk;
(xw;iw epwk;) nfhz;l miyfis cUthf;f Ntz;Lk;. mt;tiyfs; xNu tPr;R nfhz;l
miytbtk; nfhz;ljha; ,Ug;gJk; tpUk;gj;jf;fJ.

Xhpay;  jd;ik  miyfspd;  gz;ghFk;.  ,g;gz;G  epiyahd  FWf;fPl;L  mikg;igg;
ngWtjw;F mbg;gilahFk;.

,uz;L jdpj;jdp xw;iw epw xsp %yq;fs; xhpay; %yq;fs; MfhJ. Vnddpy;>  mit
xNu  mjph;ntz;  kw;Wk;  xNu  tPr;R  nfhz;l  miyfis  cUthf;fyhk;.  Mdhy;>
mt;nthsp %yq;fspdhy; xNu fl;lj;jpy; cs;s miyfis cUthf;fKbAk;. ,jw;fhd
fhuzk;  vd;dntd;why;>  mZf;fs;  xspia  ckpOk;NghJ  Vw;gLk;  ntg;g  mjph;T
fl;lkhw;wj;ij  Vw;gLj;jp  tpLfpd;wJ.  vdNt>  jdpj;jdp  xsp%yq;fs;  vg;NghJk;  Xhpay;
%yq;fshfr; nray;gl KbahJ.

Xhpay; xsp miyfisg; gpd;tUk; %d;W topKiwfspy; ngwyhk;.
1. miyKfg;Gg; gphpg;G
2. xspr;nrwpT (my;yJ) tPr;Rg; gphpg;G
3. xsp%yk; kw;Wk; gpk;gq;fs;

miyKfg;Gg; gphpg;G: Xhpay; xsp %yq;fisg; ngWtjw;fhd nghJthd xUKiw miy
Kfg;Gg;gphpg;G  MFk;.  ehk;  mwpe;jgb.  Gs;sp  xsp%yk;  xd;W  Nfhsf  miyKfg;ig
Vw;gLj;Jk;.  ,e;j  miyKfg;gpy;  cs;s  xt;nthU  Gs;spAk;  xNu  fl;lj;jpy;  ,Uf;Fk;.
,ul;ilg;  gpsT  xd;wpidg;  gad;gLj;jp  miyKfg;gpYs;s  ,uz;L  Gs;spfisj;  Njh;T
nra;jhy; mt;tpuz;L Gs;spfSk; Xhpay; xsp %yq;fshfr; nray;gLk;.

xspr;nrwpT (my;yJ) tPr;Rg; gphpg;G:
gFjp  nts;spG+rg;gl;l  fz;zhb  (fw;iwg;  gphpg;ghd;)  topNa  xspiar;  nrYj;Jk;NghJ>
xNu  Neuj;jpy;  xsp  vjpnuhspg;G  kw;Wk;  xsptpyfy;  ,uz;Lk;  Vw;gLk;.  xNu
xsp%yj;jpypUe;J  ,uz;L  xspf;fw;iwfisg;  ngWtjhy;>  gphpf;fg;gl;l  ,t;tpuz;L
xspf;fw;iwfSk;  Xhpay;  xspf;fw;iwfshfr;  nray;gLk;.  ,t;tpuz;L  Xhpay;
xspf;fw;iwfSk; xNu fl;lj;jpy; my;yJ khwhj fl;lNtWghl;by; cs;sd. ikf;fy;fd;

FWf;fPl;Lkhdp (interferometer), ghg;hp –  ngNuh  ,izahb  mikg;G (etalon) Mfpa
fUtpfs; ,j;jj;Jtj;jpd; mbg;gilapy; nray;gLfpd;wd.

xsp%yk; kw;Wk; gpk;gq;fs;:

xsp%yKk; mjd; gpk;gq;fSk; Xhpay; xsp %yj;njhFg;ghfr; nray;gLfpd;wd. Vnddpy;>
xsp%yKk; mjd; gpk;gKk;  xNu fl;lj;jpy;  cs;s my;yJ xNu fl;lNtWghl;ilAila

xsp  miyfisf;  Njhw;Wtpf;Fk;.  g;nudy; (Fresnel’s)  ,ul;il  Kg;gl;lfj;jpy;  ,uz;L

kha gpk;gq;fs;  ,uz;L  Xhpay;  %yq;fshfr;  nray;gLfpd;wd.  NkYk;  yhapl; (Lloyd’s)
fz;zhbapy;  xU  xsp  %yKk;  mjd;  kha  gpk;gKk;  ,uz;L  Xhpay;  %yq;fshfr;
nray;gLfpd;wd.

,ul;ilg; gpsT> Xhpay; %yq;fshff; nray;gly; (Double slit as coherent sources)

miyKfg;Gg;gphpg;Gjj;Jtj;ij mbg;gilahff; nfhz;L ,ul;ilg; gpsT nray;gLfpd;wJ.
xw;iw  epw  xsp  %yk;  S  xd;wpdhy;  xspA+l;lg;gl;l  S1  kw;Wk;  S2  vd;w  ,uz;L
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gpsTfs;>  Xhpay;  xsp%yq;fshfr;  nray;gLfpd;wd. ,tw;wpypUe;J tUk; xsp miyfs;
xNu Clfj;jpy;  gazk;  nra;J xd;Wld;  xd;W Nkw;nghUe;Jfpd;wd.  ,tw;why;  Vw;gLk;
Mf;f  kw;Wk;  mopTf;  FWf;fPl;L  tpisTfs;  fhl;lg;gl;Ls;sd.  miyfspd;  KfL
njhlh;r;rpahd NfhLfspdhYk; mfL njhlh;r;rpaw;w Nfhl;bdhYk; fhl;lg;gl;Ls;sd

Xh; miyapd; mfLk;> kw;Nwhh; miyapd; mfLk; (my;yJ) Xh; miyapd; KfLk; kw;Nwhh;
miyapd;  KfLk;  re;jpf;Fk;  Gs;spfspy;  cs;s  miyfs;  xNu  fl;lj;jpy;  cs;sd.
vdNt> ngUk ,lg;ngah;r;rp Vw;gl;L Mf;ff; FWf;fPl;L tpistpdhy; mg;Gs;sfs; ngUk
xspr;nrwpTld; nghypthff; fhl;rp mspf;Fk;.

Xh; miyapd; KfLk;> kw;Nwhh; miyapd; mfLk; re;jpf;Fk; Gs;spfspy; cs;s miyfs;
Vw;gl;L mopTf; FWf;fPl;L tpistpdhy; mg;Gs;spfs; fUikahff; fhl;rpaspf;Fk;.

jpiuapy;  mLj;jLj;Jg;  ngUk kw;Wk;  rpWk xspr;nrwpTg;  gl;ilfs;  Njhd;Wk;.  ,t;thW

jpiuapy;  Njhd;Wk;  nghypT  kw;Wk;  fUikgl;ilfs;  FWf;fPl;L  thpfs; (fringes) vd
miof;fg;gLfpd;wd.

aq; ,ul;ilg; gpsT Ma;T (Young’s double slit experiment)
Ma;T mikg;G

1801  Mk;  Mz;L  jhk];  aq;  vd;w  gphpl;b~;  ,aw;gpay;  mwpQh;  fhl;bAs;sthW>

xspGfhj;  jpiuapy; S1  kw;Wk; S2 vd;w  ,uz;L  Jisfis  Vw;gLj;jp  mit S  vd;w
xsp%yj;jpypUe;J rknjhiytpy; ,Uf;Fk;gb mikj;jhh;. xt;nthU Jisapd; mfyKk;

0.03  mm ,t;tpuz;L JisfSk; 0.3  mm njhiytpy;  gphpj;J itf;fg;gl;ld. Jisfs;

S1  kw;Wk; S2  ,uz;L  xsp%yk; S  ,ypUe;J  rknjhiytpy;  cs;sjhy;>  xsp%yk; S
,ypUe;J S1  kw;Wk; S2  it  milAk;  miyfs;  xNu  fl;lj;jpy;  ,Uf;Fk;.  vdNt>

FWf;fPl;L tpisit Vw;gLj;Jk; Xhpay; %yq;fshf S1 kw;Wk; S2 gpsTfs; nray;gl;Lf;
FWf;fPl;L tpisit Vw;gLj;Jk;.

gpsTfs; S1 kw;Wk; S2 tpypUe;J tUk; miyKfg;Gfs; ,ul;ilg;gpstpd;  tyg;gf;fkhf

guTfpd;wd.  gpsTfspypUe;J  Rkhh; 1  m  njhiytpy;  jpiuapid  itf;Fk;NghJ>
mj;jpiuapy;  rk  mfyKila  nghypT  kw;Wk;  fUik  thpfs;  mLj;jLj;Jj;
Njhd;Wfpd;wd.  ,jw;F  FWf;fPl;Lg;gl;ilfs;  (my;yJ)  FWf;fPl;L  thpfs;  vd;W  ngah;.

fz;zUFtpy;iy xw;iwg; gad;gLj;jp ,f;FWf;fPl;L thpfis Neubahff; fhzyhk;. S1,
S2 tpypUe;J  jpiuapd;  ikag;Gs;sp O  it  milAk;  xspmiyfs;>  rknjhiyitf;
fle;Jte;Js;sjhy;  mit  fhl;bAs;sthW  xNu  fl;lj;jpy;  ,Uf;Fk;.  ,t;tpuz;L

miyfSk; Mf;ff;FWf;fPl;L tpisit Vw;gLj;jp> ikag;Gs;sp O tpy;

nghypTthpia cUthf;Fk;. ,jw;F ikag; nghypTthp vd;W ngah;. VNjDk; xU gpsit
%btpl;lhy;  FWf;fPl;Lthpfs;  kiwe;J  jpiu  rPuhf  xspA+l;lg;gl;bUf;Fk;.  ,jpypUe;J>
jpiuapy;  Njhd;Wk;  nghypT  kw;Wk;  fUik  thpfs;  xspapd;  FWf;fPl;L  tpistpdhy;
Vw;gl;lit vd;gij mwpayhk;.

ghij NtWgh;bw;fhd rkd;ghL

Xhpay;  %yq;fshfr;  nray;gLk; S1 kw;Wk; S2 gpsTfSf;fpilNa cs;s njhiyT d
vd;f.

,it λ miyePsKila  xsp  miyfis  cUthf;Fk;.  ,ul;ilg;  gpsTfSf;F

,izahf D  njhiytpy;  jpiu  xd;W  itf;fg;gl;Ls;sJ. S1  kw;Wk; S2  f;F  eLNt

cs;s  Gs;spia C  vd;f.  NkYk;>  jpiuapd;  ikag;Gs;sp O.  S1  kw;Wk; S2  tpypUe;J

rknjhiytpy;  cs;sJ.  jpiuapy;  ikag;Gs;sp O  tpypUe;J Y  njhiytpy;  cs;s
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VNjDk; XU Gs;spia P vd;f. S1, S2 tpypUe;J P Gs;spia milAk; xsp miyfs;>
mtw;wpw;F  ,ilNa  cs;s  ghij  NtWghl;ilg;  nghUj;J>  xNu  fl;lj;jpNyh  my;yJ
vjph; vjph; fl;lj;jpNyh ,Uf;Fk;.

S1  kw;Wk; S2 tpypUe;J P Gs;spia  milAk;  xsp  miyfSf;F  ,ilNaAs;s

ghij Ntghl;il δ vd;f. δ= S2 P – S1P

S1 ,y;  ,Ue;J> S2P Nfhl;bYs;s M Gs;spf;F  tiuag;gl;l  nrq;Fj;Jf;  Nfhl;bypUe;J
ghij NtWghl;ilj; Jy;ypakhff; fzf;fplyhk;.

δ = S2P – MP = S2M
C Gs;spapypUe;J> P Gs;sp  mike;Js;s Nfhzepiyia θ vd;f. Ð OCP  =  θ tbtpay;
tpjpfspd; gb>

Nfhzq;fs; Ð OCP kw;Wk; Ð S2S1M Mfpait rkk;.

Ð OCP = S2S1M = θ
nrq;Nfhz Kf;Nfhzk; Δ S2S1M ,y;> ghijNtWghL S2M = d sin θ

δ = d sin θ
Nfhzk; θ rpwpaJ vdNt> sin θ = tan θ = θ
nrq;Nfhz Kf;Nfhzk; ΔOCP

tan θ = y
D

ghijNtWghL>
d y
D

d =

ghij  NtWghl;bd;  epge;jidiag;  nghUj;J>  Gs;sp P apy;  nghypT  thpNah  (my;yJ)
fUik thpNah Njhd;Wk;.

nghypT thp my;yJ ngUkj;jpw;fhd epge;jid

Mf;fFWf;fPl;L tpisT my;yJ P Gs;spapy; nghypTthp Njhd;w epge;jid gpd;tUkhW>
ghijNtWghL nd l=
,q;F n = 0, 1, 2 …..

dy n
D

l\ =

yDy n
d

= my;y n
yDy n
d

=

P Gs;spapy; nghypTthp Njhd;w ,JNt epge;jidahFk;. ,q;F yn vd;gJ O tpypUe;J n
tJ nghypTthpapd; njhiyitf; Fwpf;fpwJ.

fUik thp my;yJ rpWkj;jpw;fhd epge;jid

mopTf;FWf;fPl;L  tpisT  my;yJ P Gs;spapy;  fUikthp  Njhd;Wtjw;fhd  epge;jid
gpd;tUkhW>
gpd;tUkhW>

ghijNtWghL> (2 1)
2

n l
d = -

,q;F n = 1, 2, 3…..

(2 1)
2

dy n
D

l
\ = -
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(2 1)
2

n Dy
d

l-
= my;yJ

(2 1)
2n

n Dy
d

l-
=

fUikthp Njhd;Wtjw;fhd epg;e;jid gpd;tUkhW>

(2 1)
2

n Dy
d

l-
= my;yJ

(2 1)
2n

n Dy
d

l-
=

P Gs;spapy; fUikthpj; Njhd;w ,JNt epge;jidahFk;. ,q;F yn vd;gJ> O typUe;J n
tJ  fUikthpfs;  njhiyitf;  Fwpf;fpwJ.  nghypT  kw;Wk;  fUikthpfs;  Njhd;Wk;
tpjj;ijg; fhl;Lfpd;wJ.

jpiuapy;>  ikag;nghypTthpapd;  ,uz;L  gf;fq;fspYk;  nghypT  kw;Wk;  fUikthpfs;

mLj;jLj;Jj;  Njhd;Wk;.  ikag;nghypitr;  Ropg;nghypT  vdTk; (0th  bright) mjd;
njhlh;r;rpahf Kjy; fUik kw;Wk; Kjy; nghypT Njhd;Wk;. mLj;J ,uz;lhtJ fUik
kw;Wk; ,uz;lhtJ nghypT Njhd;Wk;. ,t;thwhf> ikag;nghyptpd; ,uz;L gf;fq;fspYk;
cs;sthW fUik kw;Wk; nghypTg;gl;ilfs; mLj;jLj;Jj; Njhd;Wk;.

gl;il mfyj;jpw;fhd Nfhit

,uz;L  mLj;jLj;j  ngypTthp  my;yJ  fUikthpfSf;F  ,ilNa  cs;s  njhiyT

gl;il myfk; (β) vd miof;fg;gLfpwJ.

ikag;Gs;sp O  typUe;j (n+1) tJ  nghypTthpf;Fk;> n  tJ  nghypTthpf;Fk;  ,ilNa
cs;s njhiyT gl;il mfyj;ijf; nfhLf;Fk;.

( 1) ( 1)n n
D Dy y n n
d d

l l
b +

æ ö æ ö= - = + -ç ÷ ç ÷
è ø è ø

nghyptpw;fhd>
D
d

lb =

,t;thNw>  ikag;Gs;sp O tpypUe;J (n+1) tJ  fUikthpf;Fk; n  tJ  fUikthpf;Fk;
,ilNa cs;s njhiyT> gl;il mfyj;ijf; nfhLf;Fk;.

( 1)
(2( 1) 1) (2 1)

2 2n n
n D n Dy y

d d
l l

b +
+ - -æ ö æ ö= - = -ç ÷ ç ÷

è ø è ø

fUikf;fhd>
D
d

lb =

ikag;nghypT>  thpapd;  ,UGwKk;  mf  mfyKila  nghypT  kw;Wk;  fUikthpfs;  rk
,ilntspapy; Njhd;Wk; vd;W mwpayhk;.

njspthd kw;Wk; mfykhd FWf;fPl;Lg; thpfisg; ngWtjw;fhd epge;jidfs;

1. xsp  %yj;jpw;Fk;  jpiuf;Fk;  ,ilNaAs;s  njhiyT D  kpf  mjpfkhf  ,Uf;f
Ntz;Lk;.

2. gad;gLj;jg;gLk; xspapd; miyePsk; λ kpf mjpfkhf ,Uf;f Ntz;Lk;.

3. ,uz;L gpsTfSf;F ,ilNaAs;s njhiyT d kpff; Fiwthf ,Uf;f Ntz;Lk;.

gytz;z xspapdhy; Vw;gLk; Fwf;fPl;L tpisT

gytz;z xspapidf;  nfhz;L  (nts;is  xsp)  epfo;j;jg;gLk;  FWf;fPl;L  tpisTfspy;
ntt;NtW  epwq;fs;  nfhz;l  tz;zthpfs;  jpiuapy;  Njhd;Wk;.  ,jw;Ff;  fhuzk;>
ntt;NtW  tz;zq;fs;  ntt;NtW  miyePsq;fisg;  ngw;wpUg;gjhFk;.  ,Ue;jNghjpYk;>
ikathp  my;yJ  Ropthp  vg;NghJk;  nghypthfTk;>  ntz;ik  epwj;jpYk;  fhzg;gLk;.
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,jw;Ff;  fhuzk;  ikak; O  tpy;  tpOk;  midj;J  tz;zq;fSf;Fk;  ghijNtWghL

RopahFk;.  vdNt>  midj;J  tz;zq;fSf;Fk;  ikag;Gs;sp O  tpy;  Mf;ff;FWf;fPl;L
tpisT kl;LNk eilngw;W> ikak; nghypthff; fhl;rpaspf;Fk;.

ePhpd;  kPJ  glh;e;jpUf;Fk;  vz;nza;g;  glyk;  kw;Wk;  Nrhg;Gf;Fkpo;  Nghd;wit  Nghy
fz;fth;  tz;zq;fis  ntspg;gLj;Jfpd;wd  glj;jpy;  fhl;lg;gl;Ls;sJ)
,t;tz;zq;fSf;Ff;  fhuzk;  nky;NyLfspd;  Nkw;gug;G  kw;Wk;  mbg;gug;gpw;F  ,ilapy;
gyKiw  vjpnuhspg;G  mile;j  nts;is  xspf;fjph;fspd;  FWf;fPl;L  tpisthFk;.
,t;tz;zq;fs; nky;NyLfspd; jbkd;> nky;NyLfspd; xsptpyfy; vz; kw;Wk; xspapd;
gLNfhzk; Mfpatw;iwr; rhh;e;jjhFk;.

nky;NyLfspy; Vw;gLk; FWf;fPl;L tpisT (Interference in thin files)
xsptpyfy;  vz;  (FWf;fPl;Lg;  gl;ilapd;  thpir n  cld;  Nrh;j;J  Fog;gpf;

nfhs;sf;$lhJ  vd;gjw;fhf μ  vd;W  nfhLf;fg;gl;Ls;sJ)  kw;Wk;  jbkd; d  nfhz;l
nky;NyL  xd;iwf;  fUJNthk;.  ,k;nky;Nyl;bd;  fhl;bAs;sthW  ,iz  xspf;fw;iw
xd;W i vd;w gLNfhzj;jpy; tpOfpwJ. ,e;j xsp gLGs;spapy; vjpnuhspg;gilAk; gFjp>
kw;Wk;  tpyfyilAk;  gFjp  vd;W  ,uz;lhfg;  gphpfpwJ.  xsptpyfy;  mile;j  gFjp
nky;Nyl;bd;  cs;Ns  nrd;W  nky;Nyl;bd;  mbg;gug;gpy;  NkYk;  ,uz;L  gFjpfshfg;
gphpfpwJ. xUgFjp nky;Nyl;bid cLUtp ntspNaWfpwJ. kw;nwhU gFjp nky;Nyl;bd;
cl;Gwk; gyKiw vjpnuhspg;G miltjhy;> NkYk; vjpnuhspg;G kw;Wk; xsptpyfyile;j
gFjpfs;  cUthfpd;wd.  ,k;nky;Nyl;bdhy;  vjpnuhspg;G  kw;Wk;  CLUty;  mile;j xU
miyfs; jdpj;jdpNa FWf;fPl;L tpisit Vw;gLj;Jfpd;wd.

cLUtpr; nrd;w Vw;gLk; FWf;fPl;L tpisT

CLUtpr;  nrd;w  xsp  miyfs;  FWf;fPl;L  tpisit  Vw;gLj;jpj;  njhFgad;

xspr;nrwpitf;  nfhLf;Fk;. B  kw;Wk; D  Gs;spfspypUe;J  CLUtpr;nrd;w  xsp
miyfspd; ghij NtWghl;ilf; fUJNthk;. xsp miyfs; ,uz;lhfg; gphpif milAk;

B Gs;sptiu ,uz;L xsp miyfSk; xd;whfNt nry;Yk;. vdNt> ,uz;L miyfSk;

xj;jfl;lj;jpy; ,Uf;Fk;. D Gs;sp topahf CLUtpr; nry;Yk; xsp miy nky;Nyl;bd;

cs;Ns fle;Jnrd;w $Ljy; ghij BC + CD MFk;> xsp miy nky;Nyl;bd; cs;Ns

nrq;Fj;Jg;  gLfjph;  epiyapy;  NkhJfpwJ  vd;Wk; (i  =  0) Vl;bd;  jbkz;  kpff;  FiwT

vd;Wk;  fUjpdhy;> B  kw;Wk; D  Gs;spfs;  ,uz;Lk;  xd;Wf;nfhd;W  kpf  neUf;fkhf
mike;Js;sJ vdyhk;. vdNt> xsp miy fle;Jnrd;w $Ljy; ghij Njhuhakhf BC
+ CD = 2d. xsptpyfy; vz; μ nfhz;l Clfj;jpd; cs;Ns ,f;$Ljy; ghij cs;sjhy;>

xspapay; ghijNtWghL  δ = 2 μd

CLUtpr; nrd;w miyfspdhy; Vw;gLk; Mf;ff;FWf;fPl;L tpistpw;fhd epge;jid>
2μd =  nλ

,NjNghd;W>  CLUtpr;  nrd;w  miyfspdhy;  Vw;gLk;  mopTf;  FWf;fPl;L  tpistpw;fhd
epge;jid>

2 (2 1)
2

d n lm = -

vjpnuhspg;G mile;j xspapdhy; Vw;gLk; FWf;fPl;L tpisT

nfhs;ifuPjpahf  kw;Wk;  Nrhjidfspd;  %ykhfTk;  mlh;Fiw  Clfj;jpd;  topahfr;
nrd;W>  mlh;kpF  Clfg;gug;gpdhy;  vjpnuhspg;G  milAk;  xsp  miyfs; p vd;w



133 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187

fl;lNtWghl;il  ngWk;  vd  ep&gpf;fg;gl;Ls;sJ.  vdNt>  vjpnuhspg;G  mile;j  xspf;F

$Ljy; ghijNtWghL λ/2 itf; fUjNtz;Lk;.

nky;Nyl;bd; Nkw;gug;gpy; A Gs;spapy; vjpnuhspg;G mile;j xspf;Fk;. nky;Nyl;bypUe;J

C Gs;sp topahf ntspNaWk; miyf;Fk; ,ilNaahd ghij NtWghl;ilf; fUJf. C
Gs;spapypUe;J ntspNaWk; NkNyl;ilg;  nghWj;jtiu nky;Nyl;bd;  cs;Ns $Ljyhff;

fle;Jte;j  ghij AB  +  BC.  nrq;Fj;Jg;  gLNfhz  epiyapy;>  ,f;$Ljy;  ghijapd;

njhiyT  Njhuhakhf AB  +  BC  =  2d  ,f;$Ljy;ghij μ  xsptpyfy;  vz;nfhz;l

Clfj;jpDs; cs;sjhy;> xspapd; ghijNtWghL δ = 2μd MFk;.

vjpnuhspg;G miyfspdhy; Vw;gLk; mopTf; Fwf;fPl;L tpistpw;fhd epge;jid

2μd +
2
l   = nλ (m) 2μd =(2n – 1)

2
l

mlh;Fiw  Clfj;jpy; A  Gs;spapy;  mlh;kpF  nky;Nyl;Lg;  gug;gpdhy;  vjpnuhspg;G
mile;jjhy; p  fl;lNtWghl;il  ngWfpwJ.  vdNt>  ,f;$Ljy;  ghijNtWghL

/ 2l ,q;F Vw;gLfpd;wJ.

vjpnuhspg;G miyfspdhy; Vw;gLk; mopTf; FWf;fPl;L tpistpw;fhd epge;jid

2μd +
2
l   = (2n+1)

2
l
  (m) 2μd = nλ

nrq;Fj;Jg;  gLNfhz epiyapy;  xsp  miy nky;NyL gug;gpd;  kPJ tpohky;> NtW xU
Fwpg;gpl;l gLNfhzk; i y; tpOe;jhy;>  mjw;fhd tpyFNfhzk; r MFk;.  vdNt> ghij

NtWghl;bw;fhd Nkw;fz;l rkd;ghl;bd; ,lg;gf;fk; cs;s 2μd vd;w 2μd cos  r gjk; vd
khw;wkilAk;.

tpspk;G tpisT (Diffraction)

tpspk;G tpidahdJ midj;J miyfSf;Fkhd nghJthd gz;G ,jpy; xyp miyAk;
mlq;Fk;.  jilapd;  tpspk;gpy;  tise;J nrd;W>  jilapd;  tbtpay;  uPjpahd epoYf;Fs;
miy nry;Yk;  epfo;Tf;F tpspk;G tpisT vd;W ngah;.  fjph;  xspapaypy;  ehk;  gapd;w
xspapd;  Neh;Nfhl;Lg;gutYf;F  ,J  vjpuhdjhFk;.  Mdhy;>  jilapd;  msT  xspapd;
miyePsj;Jld;  xg;gplj;jf;f  mstpy;  fhzg;gl;lhy;  kl;LNk  tpspk;G  tpisT  Vw;gLk;.
,jd;  fhuzkhfj;jhd;.  fjTfs;>  [d;dy;fs;  kw;Wk;  fl;llq;fspdhy;  xyp  miyfs;
tpspk;G tpisT milfpd;wd. xypapd; miyePsk; ,j;jilfspd; msTld; xg;gplj;jf;f
mstpy;  cs;sJ.  xspapYk;  tpspk;G  tpisT  Vw;gl>  jilapd;  msT  xspapd;
miyePsj;Jld; xg;gplj;jf;f mstpy; ,Uf;f Ntz;Lk;.

g;nudy; kw;Wk; g;uhNdh/gh; (Fresnel and Fraunhofer) tpspk;G tpisTfs;

tpspk;G tpistilAk; miyKfg;gpd; tbtj;ijg; nghUj;J g;nudy; kw;Wk; g;uhNdh/gh;
tpspk;G  tpisT  vd  ,Utifg;gLj;jyhk;.  g;nudy;  kw;Wk;  g;nuNdh/gh;  tpspk;G
tpisTfSf;fpilNaahd NtWghLfs; fhl;lg;gl;Ls;sJ.

g;nudy; kw;Wk; g;uhNdh/gh; tpspk;G tpisTfSf;F ,ilNaahd NtWghLfs;

t.vz; g;nudy; tpspk;G tpisT g;uhNdh/gh; tpspk;G tpisT

1. Nfhsf  (my;yJ)  cUis  tbt
miyKfg;G  tpspk;G  tpistpw;F
cl;gLfpd;wJ.

rkjs miyKfg;G tpspk;G tpistpw;F
cl;gLfpd;wJ

2. xsp  miyfisf;  nfhLf;Fk; xsp  miyfisf;  nfhLf;Fk;  xsp
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xsp%yk;>  tuk;Gf;Fl;gl;l
njhiytpy; ,Uf;Fk;

%yk;> <hpy;yhj; njhiytpy; ,Uf;Fk;

3. Ma;tf  #oypy;>  Ftpnyd;];fs;
gad;gLj;j Ntz;bajpy;iy

Ma;tf  #oypy;>  Ftpnyd;];fs;
gad;gLj;jg;gl Ntz;Lk;.

4. cw;W  Nehf;fy;  kw;Wk;  Ma;T
nra;tJ fbdk;

cw;W  Nehf;fy;  kw;Wk;  Ma;T  nra;tJ
vspJ

5.

cw;W Nehf;fy; kw;Wk; Ma;T nra;a g;uhNdh/gh; tpspk;G tpisT vspajhf ,Ug;gjhy;
g;uhNdh/gh; tpspk;G tpisT.

xw;iwg; gpstpy; vw;gLk; tpspk;G tpisT (Diffraction at single slit)

AB  mfyk;  nfhz;l  xw;iwg;  gpsT  xd;wpd;  kPJ  nrq;Fj;jhf  tpOk;  ,iz
xspf;fw;iwiaf;  (rkjs  miyKfg;G)  fUJNthk;.  tpspk;G  tpistile;j  xspf;fw;iw>

gpstpypUe;J D njhiytpy; itf;fg;gl;Ls;s jpiuapy; tpOfpwJ gpstpd; ikaj;ij O
vd;f.  gpstpd;  jsj;jpw;Fr;  xspf;fw;iw>  gpstpypUe;J D  njhiytpy;  itf;fg;gl;Ls;s

jpiuapy;  tpOfpwJ  gpstpd;  ikaj;ij O  vd;f.  gpstpd;  jsj;jpw;Fr;  nrq;Fj;jhf C
Gs;sp  topNa  nry;Yk;  Neh;NfhL  jpiuapy; O  vd;w  Gs;spia  milfpwJ.  jpiuapy;

gpstpd; ntt;NtW Gs;spfspy; ,Ue;J P I milAk; xspf;fjph;fs; nrq;Fj;Jf; NfhNlhL

θ Nfhzj;ij Vw;gLj;Jfpd;wd.

gpstpd;  ntt;NtW  Gs;spfspypUe;J  tUk;  ,iz  xsp  miyfs;  jpiuapy; P Gs;sp
kw;Wk;  ,ju  Gs;spfspy;  xd;iw  xd;W  FWf;fpl;Lj;  njhFgad;  xspr;nrwpitf;

nfhLf;fpd;wd. P Gs;sp>  tbtpay;  uPjpahd epoy;  gFjpapy;  cs;sJ. tpspk;G  tpistpd;

fhuzkhf> ,g;gFjp tiu ikag;ngUkk; gutp fhzg;gLfpwJ jpiuapy; cs;s Gs;sp P
ntt;NtW  rpWkq;fis  miltjw;fhd  epge;jidfisf;  ehk;  fhzNtz;Lk;.  gpsit
,ul;ilg;gil  vz;zpf;ifAila  rpWrpW  gFjpfshfg;  gphpj;Jf;  nfhz;lhy;

mg;gFjpfspypUe;J tUk; xsp miyfspd; ghijNtWghLfs; xd;wpidj;J> P Gs;spapy;
mopTf;  FWf;fPl;L  tpisit  Vw;gLj;jp>  rpWk  xspr;  nrwpit  cz;lhf;FfpwJ.
ngUkq;fis  tpsf;Ftjw;F>  gpsit  xd;iwg;gil  vz;zpf;ifAila  rpWgFjpfshfg;
ghh;j;Jf;nfhs;s Ntz;Lk;.

P Gs;spapy; Kjy; rpWkk; Vw;gLtjw;fhd epge;jid

gpsT AB I AC kw;Wk; CB vd;w ,uz;L miug;gFjpfshf gphpj;Jf; nfhs;s Ntz;Lk;.
xt;nthU  gFjpapd;  mfyKk; a/2.  ,g;NghJ>  gpstpy; a/2  J}uKila  ntt;ntW

Gs;spfSf;F xg;G Gs;spfs; (Corresponding points) vd;W ngah;.

ntt;NtW  xg;g  Gs;spfspypUe;J  tUk;  xsp  miyfs; P Gs;spapy;  xd;Wld;  xd;W
Nkw;nghUe;jp  mopTf;  FWf;fPl;L  tpisit  Vw;gLj;jp>  Kjy;  rpWkj;ij  Vw;gLj;JfpwJ.

xg;G Gs;spfspypUe;J tUk; xsp miyfspd; ghijNtWghL> sin
2
ad q=

P Gs;spapd; Kjy; rpWkk; Njhd;Wtjw;fhd epge;jid sin
2 2
a lq =

a sin θ = λ
P Gs;spapy; ,uz;lhtJ rpWkk; Njhd;Wtjw;fhd epge;jid
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AB  gpsit a/4  mfyk;  nfhz;l  ehd;F  gFjpfshfg;  gphpj;Jf;  nfhs;s  Ntz;Lk;.

gpstpd;  eLNt a/4  J}uk;  nfhz;l  xg;g  Gs;spfspypUe;J  tUk;  xsp  miyfSf;F

,ilNaahd ghijNtWghL> sin
4
ad q=

P Gs;spapy; ,uz;lhk; rpWkk; Njhd;Wtjw;fhd epge;jid> sin
4 2
a lq =

sin 2a q l=
P Gs;spapy; %d;whtJ rpWkk; Vw;gLj;Jtjw;fhd epge;jid

Kd;dh; $wpathNw> gpsit MW rk gphpTfshfg; gphpj;Jf;nfhs;s Ntz;Lk;. P Gs;spapy;

%d;whtJ rpWkk; Vw;gLtjw;fhd epge;jid> sin
6 2
a lq =

sin 3a q l=

P Gs;spapy; ntJ rpWkk; Vw;gl epge;jid

gpsit> 2n  vz;zpf;ifAila  (,uz;il  ,yf;f  vz;zpf;if)  rkgFjpfshfg;
gphpj;Jf;nfhs;s  Ntz;Lk;.  Xh;  xg;G  Gs;spapypUe;J  tUk;  xsp  miyia kw;Nwhh;  xg;G

Gs;spapypUe;J tUk; xsp miy mopf;Fk; epiyapy; n tJ rpWkk;

Vw;gl epge;jid> sin
2 2
a
n

lq =

sin na q l=

,q;F n vd;gJ tpspk;G tpisT rpWkj;jpd; thpir n = 1, 2, 3 …….

ngUkq;fSf;fhd epge;jid

ngUk  xspr;nrwpT  Vw;gl>  gpsit  xw;iwg;gil  vz;zpf;ifAila  rkgFjpfshfg;
gphpj;Jf;nfhs;s Ntz;Lk;. ,t;thW gphpg;gjdhy; VjhtJ xU xg;G Gs;spapypUe;J tUk;

xsp miy mopf;fg;glhky; ,Uf;Fk;. vdNt> P Gs;sp ngUk xspr;nrwptpy; fhzg;gLk;.
Kjy; ngUkj;jpw;fhd epge;jid>

sin
3 2
a lq =  (my;yJ)

3sin
3 2
a lq =

,uz;lhk; ngUkj;jpw;fhd epge;jid>

sin
5 2
a lq =  (my;yJ)

5sin
2

a lq =

%d;whk; ngUkj;jpw;fhd epge;jid>

sin
7 2
a lq =  (my;yJ) a sin θ = 7

2
l

,NjNghd;W> ntJ ngUkj;jpw;fhd epge;jid

a sin θ
2
l
 (ntJ ngUkk;)

,q;F n = 0, 1, 2, 3 …., vd;gJ ngUkq;fspd; thpirahFk;.

ika thpir ngUkj;jpw;F> Rop thpir ngUkk; vd;W ngah;. mLj;jLj;j rpWkq;fSf;F
fpl;lj;jl;l eLNt ngUk xspr;nrwpT fhzg;gLk;.
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,q;F sin  θ vd;gJ tpspk;G  tpistpd;  Nfhz gutiyf;  nfhLf;fpwJ.  Njhuhakhf;fypd;

mbg;gilapy; jpiuapd; ikaj;jpypUe;J
y
D

njhiytpy; mike;Js;s ngUkk; my;yJ

rpWkj;jpd; epiyia sin θ tpw;F gjpyhf tan θ nfhz;Lk; tpthpf;fyhk;. (Vnddpy; kpfTk;

rpwpaJ) vdNt sin θ = tan θ = y
D

,q;F y vd;gJ  jpiuapd;  ikaj;jpypUe;J  ngUkk;  my;yJ  rpWkk;  mike;Js;s

epiyiaf; Fwpf;fpwJ. NkYk; D vd;gJ xd;iwg;gpstpypUe;J jpiu cs;s njhiyitf;
Fwpf;fpwJ.

Kjy; rpWkj;ijg; gw;wpa tpsf;fk;
xw;iwg; gpsT tpspk;G tpistpy; Kjy; rpWkj;jpd; rkd;ghL a sin θ = λ Kjy; rpWkj;jpd;

Nfhzg;  guty;> sin  θ =
a
l . ,Ugf;fq;fspYk;  cUthFk;  Kjy;  rpWkq;fSf;F  eLtpy;

ika ngUkk; fhzg;gLk; ,jw;fhd rpwg;G Neh;Tfis ,q;F fhz;Nghk;.

1. a  =  λ vdpy;> sin  θ =  1. mjhtJ θ  =  90˚.  ,jd;  nghUs;  Kjy;  rpWkk; 90˚ ,y;
Vw;gLfpwJ  vd;gjhFk;.  vdNt>  tbtpay;  uPjpahd  epoy;  gFjp  KOtJk;

ikag;ngUkk; gutp> tpspk;G tpisTf; fjpiu 90˚ tisf;fpwJ.

2. a > λ kw;Wk; miyePsj;Jld; xg;gplj;jf;f mstpy; mikAk; NghJ mjhtJ> a =

2λ vDk;NghJ> sin  θ = 1
2
. vdNt θ  =  30˚. fzprkhd gutYld; tpspk;G tpisT

fhzg;gLfpwJ.  MfNt>  tpspk;G  tpisT  njspthf  fhzg;gLtjw;F  gpstpd;
mfyk; a MdJ xspapd;  miyePsk; λ it tpl xU rpy klq;Ffshf ,Uj;jy;
Ntz;Lk; vd;gJ njspthfpwJ.

3. a  >>  λ, tpw;F sin  θ <<  1 mjhtJ>  Kjy;  rpWkk;  gpstpd;  mfyj;jpw;Fs;shfNt
mikAk;. vdNt> tpspk;G tpisitf; fhz ,ayhJ.

g;nudy; njhiyT
tpspk;G tpisT epfo;tpy; xsp miy tise;J nry;Yk; ,e;j xspapd; tisAk; gz;G
mjd;  Neh;Nfhl;L  gutYf;F  Kw;wpYk;  vjpuhdjhFk;.  tpspk;G  tpisT  mile;j  fjph;>

gpstpypUe;J z njhiytpy; ika ngUkj;jpd; msit tplf; $Lk; tiu ,e;j tise;J
nry;Yk;  ,ay;G  fhzg;glhJ.  vdNt>  ve;jj;  njhiyT  tiu  xspahdJ  fjph;
xspapaYf;F  cl;gLfpwNjh  my;yJ  ve;jj;  njhiyTf;F  mg;ghy;  fjph;  xspapaYf;F
cl;glhky;  miy  xspapaYf;F  cl;gLfpwNjh  me;jj;  njhiyT  g;nudy;  njhiyT
vdg;gLk;.

Kjy; rpWkj;jpw;fhd tpspk;G tpisTr; rkd;ghL sin  θ =
a
l ;  θ =

a
l
 (Q  θ

rpwpajhdjhy;)
g;nudy; njhiytpd; tiuaiwapypUe;J>

2 a
z

q =  (my;yJ)
2
a
z

q =

,uz;L rkd;ghLfisAk; xg;gpLk;NghJ>
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2
a

a z
l

=

vdNt> g;nudy; njhiyT z
2

2
az
l

=

FWf;fPl;L tpistpw;Fk;. tpspk;G tpistpw;Fk; cs;s NtWghLfs;

FWf;fPl;L  tpisT  kw;Wk;  tpspk;GtpisT  ,uz;ilAk;  NtWgLj;jpg;ghh;g;gJ  kpfTk;
fbdkhFk;.  Vnddpy;>  ,t;tpuz;L  gz;GfSk;  xspapd;  miyg;gz;ig
ntspg;gLj;Jfpd;wd. ,t;tpuz;L epfo;TfspYNk> jpiuapy; cUthFk; ngUkq;fs; kw;Wk;
rpWkq;fSf;F  FWf;fPl;L  tpisTk;  tbtpay;  epfw;gFjpapy;  xsp  guTjYf;F  tpspk;G
tpisTk;  fhuzkhf  mikfpd;wd.  FWf;fPl;L  tpistpy;  Nkw;nghUe;JjYk;  tpspk;G
tpistpy;  xspapd;  tise;J  nry;Yk;  jd;ikAk;  Kf;fpaj;Jtk;  ngWfpd;wd.
,Ue;jNghjpYk;.  ,t;tpuz;L  tpisTfspd;  Njhw;wj;jpd;  mbg;gilapy;  gpd;tUk;
NtWghLfs; fz;Lzug;gl;L nfhLf;fg;gl;Ls;d.

fPw;wzpapy; Vw;gLk; tpspk;G tpisT (Diffraction in grating):

tpspk;G  tpisTf;  fPw;wzpapy;  rk  mfyKila>  mjpf  vz;zpf;ifapy;  mike;j
gpsTfs;  fhzg;gLfpd;wd.  gpsTfspd;  mfyk;  tpspk;G  tpistilAk;  xspapd;
miyePsj;Jld;  xg;gplj;jf;f  mstpy;  mike;jpUf;Fk;.  xspGFk;  nghUspd;  kPJ
xspGfhf;NfhLfs; tiuag;gl;bUf;Fk;. tzpfuPjpapy; nra;ag;gLk; etPd tpspk;G tpisTf;
fPw;wzpapy; xU nrd;bkPl;lhpy; 6000 xspGfhf; NfhLfs; tiaug;gl;bUf;Fk;. jilNghd;W
nray;gLk;>  xspGfhf;  NfhLfspd;  mfyj;ij b vdTk;.  xspGfhf;  NfhLfSf;F  eLNt

mike;Js;s JisNghd;W nray;gLk;  xspGFk;  gFjpapd;  mfyj;ij a vdTk;  nfhs;f.
Xh; xspGFk; gpsT kw;Wk; Xh; xspGfhf; NfhL Mfpatw;wpd; nkhj;j mfyj;jpw;F fPw;wzp
%yk; (e = a + b) vd;W  ngah;.  mLj;jLj;j  gpsTfspy;  cs;s>  fPw;wzp  %yj;jpw;Fr;
rkkhd njhiytpy; mike;Js;s Gs;spfSf;F xg;G Gs;spfs; vd;Wngah;.

rkjs tpsk;G tpisTf; fPw;wzp AB If; fUJf. ,f;fPw;wzpapy;>  rk mfyk; nfhz;l

mLj;jLj;j  gpsTfSk;>  rk  mfyk; b  nfhz;l  xspGfhf;NfhLfSk;  fhl;bAs;sthW

mike;Js;sd. λ miyePsKila xw;iwepwr; rkjs miyKfg;G xd;W fPw;wzpapd; kPJ
nrq;Fj;jhf tpOfpd;wJ vdf; fUJf.

FWf;fPl;L tpisT kw;Wk; tpspk;G tpisTfSf;F ,ilNa cs;s NtWghLfs;

t.vz; FWf;fPl;L tpisT tpspk;G tpisT

1. nghypT  kw;Wk;  fUik  thpfs;  xNu
mfyk; nfhz;lit

kw;w  thpfis  tpl  ika  thpapd;
mfyk; ,U klq;F

2. vy;yh  nghypT  thpfSk;  fpl;lj;jl;l
xNu xspr;nrwpitg; ngw;wpUf;Fk;

cah;  thpir  tpspk;G  tpisT
thpfspd;  xspr;nrwpT  Ntfkha;f;
FiwAk;

3. xsp thpfspd; vz;zpf;if mjpfk; xsp thpfspd; vz;zpf;if FiwT

fPw;wzpapd;  kPJ tpOk;  xspapd;  miyePsk;>  gpstpd;  mfyj;Jld;  xg;gplj;jf;f mstpy;
cs;sjhy;>  fPw;wzpahy;  mt;nthsp  tpspk;G  tpisT  milAk;.  Ftpnyd;];  xd;iw
gad;gLj;jp  tpspk;Gtpistile;j  miyfis  jpiuapd;kPJ  Ftpj;jhy;>  tpspk;G
tpisTg;gil  mikg;G  fpilf;Fk;.  fPw;wzpapd;  ikaj;jpypUe;J  jpiuf;F  tiuag;gl;l

nrq;Fj;Jf; Nfhl;Lld; θ Nfhzj;jpy; mike;Js;s P vd;w Gs;spiaf; fUJf. xU N[hb
mLj;jLj;j  xj;jGs;spfspypUe;J  nrd;w  tpspk;G  tpistile;j  miyfSf;fpilNaahd
ghijNtWghL
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δ = (a + b) sin θ
midj;J  mLj;jLj;j  N[hb  xj;jGs;spfSf;Fk;  ,g;ghijNtWghL  rkkhFk;. P Gs;sp
nghypTld; ,Uf;f

δ = m λ ,q;F m = 0, 1, 2, 3
Nkw;fz;l ,uz;L rkd;ghLfisAk; xg;gpLk;NghJ>

(a + b) sinθ = mλ
,q;F m  vd;gJ  tpspk;G  tpisT  thpirahFk;.  Gs;sp P Rop  thpirg;  ngUkkhf

,Ug;gjw;fhd epge;jid> m = 0

(a + b) sin θ = 0 vdpy;> tpspk;G tpisTf; Nfhzk; θ = 0 kw;Wk; m = 0 ,jw;F Rop thpirg;
ngUkk; my;yJ ikag;ngUkk; vd;W ngah;.

Gs;sp P Kjy; thpirg; ngUkkhf ,Ug;gjw;fhd epge;jid m = 1

(a + b) sin θ1 = λ vdpy;> tpspk;G tpistile;j xspahdJ gLk; xspapd; jpirAld;

θ1 Nfhzj;ij Vw;gLj;Jk;. NkYk;> Kjy;thpirg; ngUkk; fpilf;Fk;.

Gs;sp P ,uz;lhk; thpirg; ngUkkhf ,Ug;gjw;fhd epge;jid m = 2

(a  +  b)  sin  θ2 =  2λ vdpy;>  tpspk;G  tpistile;j  xspahdJ  gLk;  xspapd;

jpirAld; θ2 Nfhzj;ij Vw;gLj;Jk;. NkYk;> ,uz;lhk; thpir ngUkk; fpilf;Fk;.

Gs;sp P, m - MtJ thpirg; ngUkkhf ,Ug;gjw;fhd epge;jid
ikag;  ngUkj;jpd;  ,uz;L  gf;fq;fspYk;  ntt;NtW  Nfhz  epiyfspy;
cah;thpirg; ngUkq;fs; fpilf;Fk;

,t;thwhf vLj;Jf;nfhz;lhy;>
1N

a b
=

+
fPw;wzpapy; xuyF mfyj;jpw;F tiuag;gl;l fPw;wzp %yq;fs; my;yJ xspGfhf;
NfhLfspd;  vz;zpf;ifia N  nfhLf;Fk;.  nghJthf>  fPw;wzpapNyNa N  ,d;
kjpg;G vOjg;gl;bUf;Fk;.
vdNt>

1
N

 sin θ = mλ my;yJ sin θ = Nmλ

xw;iwg;gpsT  Ma;tpy;  rpWkj;jpw;fhd  epge;jid a sinθ =  nλ ,q;F n vd;gJ>
rpWkq;fspd;  thpiaf;  Fwpf;Fk;.  Mdhy;  tpspk;G  tpisTf;  fPw;wzp  Ma;tpy;
ngUkj;jpw;fhd  epge;jid sinθ = Nmλ ,q;F m vd;gJ  ngUk  tpspk;G  tpisT
thpiriaf;  Fwpf;Fk;  vd;gij  khzth;fs;  ftdKld;  epidtpy;  itj;jpUf;f
Ntz;Lk;.

xw;iwepw xspapd; miy ePsj;ijf; fhz;gjw;fhd Nrhjid

xspGFk;  tpspk;G  tpisTf;  fPw;wzpiaf;  nfhz;L  epwkhiythpapd;  miyePsj;ijj;
Jy;ypakhff;  fz;lwpayhk;.  ,jw;F  epwkhiykhdp  vd;w  fUtp  Njitg;gLfpwJ
epwkhiykhdpapd;  njhlf;f  rPuikg;Gfis  nra;a  Ntz;Lk;.  miyePsk;  fhzNtz;ba
xw;iw  epw  xspapdhy;  ,izahf;fpapd;  gpstpid  xspA+l;l  Ntz;Lk;.
njhiyNehf;fpapid  ,izahf;fpf;F  Neuhf  mikj;Jg;  gpstpd;  Neub  gpk;gj;jpidf;
fhz Ntz;Lk; ,izhaf;fpypUe;J tUk; gLk; xsp miyf;Fr; nrq;Fj;jhf cs;sthW
tpspk;G  tpisTf;  fPw;wzpia  Kg;gl;lf  Nkil  kPJ  mikf;f  Ntz;Lk;.  Kjy;  thpir
tpspk;G  tpisT  gpk;gk;>  njhpAk;  tiu  njhiy  Nehf;fpapid  xU  gf;fkhfr;
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Row;wNtz;Lk;.  njhiyNehf;fp  mike;Js;s epiyf;fhd mstPLfisf;  Fwpj;Jf;nfhs;s
Ntz;Lk;.

,NjNghd;W kw;nwhU gf;fkhf njhiyNehf;fpiar; Rw;wp Kjy; thpir tpspk;G tpisT
gpk;gj;ij rhpnra;jgpd;  mstPLfisf; Fwpj;Jf;  nfhs;sNtz;Lk;.  ,uz;L epiyfSf;Fk;
,ilNa cs;s NtWghL

xU  FWe;jfL (Compact  disc) fz;fth;  tz;zq;fspy;  gsgsf;fpd;wJ.  gjpT
nra;ag;gl;bUf;Fk;  gsgsg;ghd  gf;fj;jpy;  tl;ltbt  FWfpa  ntl;Lfs;  fhzg;gLk;.
,t;ntl;Lfspd;  mfyk;  fz;ZW  xspapd;  miyePsj;Jld;  xg;gplj;jf;f  mstpy;
cs;sjhy;>  nts;is  xsp  miyfs;  FWe;jfLfspd;  ,g;gf;fj;jpd;  kPJ  gl;L
vjpnuhspf;Fk;  NghJ tpspk;G  tpisT Vw;gl;Lf;  fz;fth;  tz;zq;fspy;  FWe;jfLfs;
Njhd;Wfpd;wd.  ghly;fs;  kw;Wk;  glq;fs;  gjpT  nra;ag;gl;bUf;Fk;  gpsTfs;  tpspk;G
tpisTf; fPw;wzp Nghd;W nray;gLfpd;wd.

2θ itf; nfhLf;Fk;. ,jd; kjpg;gpy; ghjp> Kjy;thpir ngUkj;jpw;fhd tpspk;G tpisTf;

Nfhzk; θ itf; nfhLf;Fk;. xspapd; miyePsk; gpd;tUk; fzf;fplg;gLfpwJ.

sin
Nm

ql =

,q;F N  vd;gJ  xU  kPl;lh;  ePsj;jpy;  fPw;wzpapy;  tiuag;gl;l  NfhLfspd;

vz;zpf;ifahFk;. NkYk; m vd;gJ tpspk;G tpisT gpk;gj;jpd; thpirahFk;.

ntt;NtW tz;zq;fspd; miyePsq;fisf; fz;lwpjy;

nts;is  xspiag;  gad;gLj;Jk;NghJ>  ikag;ngUkKk;  mjd;  ,uz;L  gf;fq;fspYk;
njhlh;r;rpahd tz;z tpspk;G tpisTg;gl;ilfs; Njhd;Wk;. ikag;ngUkk; ntz;ikahf
njhpAk;>  midj;J  tpz;zq;fSk;  vt;tpj  ghijNtWghLk;  ,d;wp>  xd;iw  xd;W

tYT+l;Lk;  tifapy;  ikaj;jpy;  xd;wpiztjhy;. θ  mjpfhpf;Fk;NghJ>  ghijNtWghL
Cjh  Kjy;  rptg;G  tiu  cs;s  midj;J  tz;zq;fspd;  ngUk;  tpspk;G  tpisT
epge;jidAk;  epiwNtw;Wk;.  ikag;nghyptpd;  ,uz;Lg;gf;fq;fspYk;  Cjh  Kjy;  rptg;G
tiuAs;s  epwkhiy mikg;ig  cUthf;Fk;.  ntt;NtW thpirfisf;  nfhz;l  tpspk;G
tpisTf;  Nfhzq;fisf;  fz;lwpe;J>  tz;zq;fspd;  miyePsq;fisg;  gpd;tUk;
rkd;ghl;bidg; gad;gLj;jpf; fzf;fplyhk;.

sin
Nm

ql =

,q;F N  vd;gJ  fPw;wzpapy;  xU  kPl;lh;  ePsj;jpy;  tiuag;gl;l  NfhLfspd;

vz;zpf;ifiaAk;> m vd;gJ tpspk;G tpisT gpk;gj;jpd; thpiriaAk; Fwpf;Fk;.

(xspapay;) gphpg;G (Resolution):
gpk;gq;fspd; Jy;ypaj;jd;ikiag; nghWj;jtiu tpspk;G tpistpd; jhf;fk; tpUk;gj;jfhj
xd;whFk;.  xw;iwg;gpstpy;  ikag;nghypT  nghUspYs;s  xt;nthU  Gs;spAk;  Gs;sp
%ykhfr;  nray;gLtjhy;>  mjd;  gpk;gj;jpy;  xt;nthU  Gs;spapYk;  ikag;  ngUkk;
tphptile;J  fhzg;gLk;.  nrt;tfg;  gpstpdhy;  Vw;gLk;  ikag;  ngUkk;  (my;yJ  Kjy;
rpWkk;) %yk; ngwg;gLk;.

sina q l=
Mdhy;  xU tl;lg;  gpsT (my;yJ Jis)>  xU ika tisaq;fisg;  Nghd;w  tpspk;G

tpisT  mikg;gpid  cUthf;Ffpd;wJ.  ,it  Vhp  jl;Lfs; (Airy’s  discs)  vd
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miof;fg;gLfpd;wd.  ngUk;ghyhd  xspapay;  fUtpfs;  tl;lg;  gpsTfs;  %ykhfNt
gpk;gq;fis  cUthf;Ffpd;wd.  tl;lg;  gpstpw;fhd  ikag;  ngUkk;  my;yJ  Kjy;
rpWkj;jpw;fhd epge;jid.

sin 1.22a q l=
,q;F  1.22  vd;w  vz;kjpg;G>  tl;lj;Jis  xd;wpdhy;  Vw;gLk;  ikag;  ngUkk;  my;yJ
Kjy;  rpWkj;jpd;  Nfhitf;F  chpaJ.  ,jid  tpsf;Ftjw;F  cah;  fzpjk;
Njitg;gLtjhy; ,jidg;gw;wp cah; tFg;Gfspy; gbf;fyhk;.

rpwpa Nfhzq;fSf;F> sin θ ≈ θ
a θ = 1.22λ

rkd;ghl;bid NkYk; khw;wpaikf;Fk; NghJ>
1.22

a
lq =

tbtpaypd; gb> or
f

q =

gpujpapl;L khw;wpaikf;f>

0
1.22 fr

a
l

=

vLj;Jf;fhl;bw;F>  mUfUNf  mike;Js;s  ,U  Gs;sp  %yq;fs;  mtw;wpd;  gpk;gq;fisj;

jpiuapy;  cUthf;Ffpd;wd.  xd;wpd;  tpspk;G  tpisT  tbtikg;G (pattern)  mLj;jjd;
tbtikg;Gld;  nghUe;jp  xU  kq;fyhd  my;yJ  gphpf;fg;glhj  gpk;gj;ij  cUthf;Fk;
jukhd my;yJ ed;F gphpf;fg;gl;l gpk;gj;ij cUthf;f ,U Gs;sp %yq;fspd; tpspk;G
tpisT tbtikg;Gfs; xd;wd; Nky; xd;W nghUe;jhj tifapy; itf;fg;gl Ntz;Lk;.

,uhNyapd;  epge;jidg;gb>  xU  gpk;gj;jpYs;s  ,U  mLj;jLj;j  Gs;spfSs;  xU
Gs;spapDila  tpspk;G  tpisT  ikag;  ngUkKk;  kw;wjd;  Kjy;  rpWkKk;  nghUe;jp
te;jhNyh  (my;yJ)  mjw;F  kWjiyahf  ,Ue;jhNyh  mg;Gs;spfs;  rw;Nw  gphpf;fg;gl;l

Gs;spfs; (Just  resolved) vdg;gLk;  mjhtJ  ,U  ikag;  ngUkq;fSf;F  ,ilg;gl;l
njhiyT  Fiwe;jgl;rk; ro Mf  ,Uf;f  Ntz;Lk;  ,k;kjpg;G  ,lk;rhh;  gpupg;G  vdTk;

njhlh;Gila Nfhz kjpg;G θ Nfhzk;rhh; gphpg;G vdTk; miof;fg;gLfpd;wd.

xU nghUspd;  kPJ kpf mUfUNfAs;s xU Gs;spfisNah my;yJ mUfUNf cs;s
nghUs;fisNah gphpj;Jg; ghh;f;Fk; (my;yJ) NtWgLj;jpg; ghh;f;Fk; jpwikf;F xspapay;
fUtpapd;  gphpjpwd;  vd;W  ngah;.  nghJthfg;  gphpg;G  vd;w  nrhy;  cUthFk;  gpk;gj;jpd;
juj;ijAk;>  gphpjpwd;  vd;gJ  xspapay;  fUtpapd;  gphpj;jwpAk;  jpwikiaAk;  Fwpf;Fk;.
gphpg;G kw;Wk; gphpjpwd; ,itapuz;Lk; xd;wd; jiyfPo; kw;nwhd;W MFk;.

xspapd; jstpisT (Polarisation):
FWf;fiyfs; nel;liyfs; ,itapuz;LNk FWf;fPl;L tpisT kw;Wk; tpspk;G tpisit
Vw;gLj;Jfpd;wd.  xyp  miyfs;  $l  ,t;tpuz;L  tpisTfisAk;  Vw;gLj;Jfpd;wd.
Mdhy;  xspapd;  FWf;fiyg;  gz;G  jstpistpd;  %yk;  epWtg;gLfpwJ.  xsp  miy
guTk;  jpirf;Fr;  nrq;Fj;jhf  cs;s  xU  Fwpg;gpl;l  jpirapy;  xspapd;  mjph;Tfis
(kpd;Gyk;  my;yJ  fhe;jg;Gy  ntf;lh;)  mDkjpf;Fk;  epfo;r;rpf;F  xspapd;  jstpisT
vd;W  ngah;.  ,e;j  myfpy;  Ghpe;Jnfhs;tjw;F  vspikahf  ,Uf;f>  kpd;Gyk;  kl;LNk
vLj;Jf;nfhs;sg;gl;Ls;sJ.

KOtJk; jstpis mile;j xsp (Plane Polarized light)
miyguTk;  jpirf;Fr;  nrq;Fj;jhf  cs;s  jsj;jpy;>  midj;J  jpirfspYk;
mjph;Tfisg;  FWf;fiyiaNa  jstpistw;w  xsp  vd;gh;  jstpistw;w  xspapd;
midj;J  mjph;TfSk;  xU  nrq;Fj;Jf;  $Wfshfg;  gphpj;Jf;  fhl;lg;gl;Ls;sd.
miyguTk; jpirf;Ff; nrq;Fj;jhf cs;s jsj;jpy; xU jpirapy; kl;Lk; mjph;Tfisg;
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ngw;Ws;s xsp miy> jstpisT mile;j xsp my;yJ KOtJk; jstpisT mile;j
xsp vd miof;fg;gLfpwJ.

jstpistw;w  kw;Wk;  KotJk;  jstpisT  mile;j  xsp  miyfs;  kpd;Gy

ntf;lh;fisf;  nfhz;Ls;s  jsj;jpw;F (ABCD) mjph;Tj;jsk;  vd;W  ngah;.
xspf;fw;iwiaf;  nfhz;Ls;s>  mjph;Tj;jsj;jpw;Fr;  nrq;Fj;jhf  cs;s  jsj;jpw;F

(EFGH)  jstpisTj;jsk;  vd;W  ngah;.  ,t;tpU  jsq;fSNk  xspguTk;  jpirapidf;
nfhz;bUf;fk;.

jstpisT  mile;j  kw;Wk;  jstpisT  milahj  xspf;fw;iwfspd;  rpy  gz;Gfs;
tpthpf;fg;gl;Ls;sd.

jstpisT Mf;Fk; El;gq;fs; (Polarisation techniques)

jstpistw;w  xspapypUe;J>  gy;NtW  El;gq;fisg;  gad;gLj;jpj;  jstpisT  mile;j
xspiag; ngwyhk;. ,q;F> gpd;tUk; ehd;F Kiwfisg;gw;wp kl;Lk; gbf;fyhk;.

1. njhpT cl;fth;jy; %yk; jstpisT Mf;fk;
2. vjpnuhspg;gpd; %yk; jstpisT Mf;fk;
3. ,ul;il xsptpyfypd; %yk; jstpisT Mf;fk;
4. xspr;rpjwy; %yk; jstpisT Mf;fk;

Njh;e;njLf;fg;gl;l cl;fth;jy; (my;yJ) njhpT cl;fth;jy; %yk; jstpisT Mf;fk;
(Polarisation by selective absorption)
njhpT  cl;fth;jy;  vd;gJ  nghUspd;  xU  gz;ghFk;.  Fwpg;gpl;l  xUq;fikT  jpirf;F
,izahf  cs;s  jsj;jpy;  kl;Lk;  kpd;Gy  mjph;Tfisg;  ngw;Ws;s  xsp  miyfisj;
jd;  topNa  nry;y  mDkjpj;Jk;>  kw;w  midj;J  xsp  mjph;TfisAk;  cl;ftUk;

nghUspd;  ,g;gz;gpw;Fj;  njhpT  cl;fth;jy;  vd;W  ngah;.  Nghyuha;Lfs; (Polaroids)
my;yJ  jstpisT  Mf;fpfs;  vd;git>  nky;ypa  tzpf  uPjpahfg;  gad;gLk;
jfLfshFk;. ,it> njhpT cl;fth;jy; gz;ig mbg;gilahff; nfhz;L> mjpfr; nrwpT
nfhz;l  KOtJk;  jstpisT  mile;j  xsp  miyfis  cUthf;Ffpd;wd.  njhpT

cl;fth;jiy> ,Utz;zj; jd;ik (dichroism) vd;Wk; miof;fyhk;.

1932  ,y;  mnkhpf;f  mwptpay;  mwpQh;  vl;tpd;  yhz;l; (Edwin  Land) vd;gth;  jfL
tbtpyhd  jstpisT  Mf;fpfis  cUthf;fpdhh;.  ,aw;ifapy;  fpilf;Fk;  jstpisT

Mf;fp  lh;kiyd; (Tourmaline) MFk;.  jstpisT  Mf;fpfisr;  nraw;ifahfTk;

cUthf;fyhk;. rpwpa Crp tbtpyhd Fapdpd; mNahNlhry;Ngl; (Quinine iodosulphate)
gbfq;fs;>  xspiaj;  jstpisT  Mf;Fk;  gz;gpidg;  ngw;Ws;sd  vdf;
fz;lwpag;gl;Ls;sJ.  ,uz;L  xspGFk;  gpsh];bf;  jfLfSf;F  eLNt  mjpf
vz;zpf;ifapy; ,g;gbfq;fspd; mr;Rfs; xd;Wf;nfhd;W ,izahf cs;sthW mikj;J>

mjidg;  Nghyuha;lhfg;  My;f`hy; (Polyvinyl  alcohol) nky;NyLfisg;  gad;gLj;jpg;
Nghyuha;Lfs; cUthf;fg;gLfpd;wd. ,it> mjpf xspflj;Jk; jd;ik nfhz;l epwkw;w
gbfq;fshFk;. NkYk; ,it rpwe;j Kiwapy; xspia> jstpisT milar; nra;fpd;wd.

jstpisT Mf;fp kw;Wk; jstpisT Ma;tp (Polarisar and Analyser)

jistpisT mw;w  xspf;fw;iw  xd;iwf;  fUJNthk;.  xspguTk;  jpirf;Fr;  nrq;fj;jhf
cs;s midj;Jj; jpirfspYk; jstpistw;w

jstpisT mile;j kw;Wk; jstpisT milahj xspf;fw;iwfspd; rpy gz;Gfs;

t.vz; jstpisT mile;j xsp jstpisT milahj xsp
1. xspf;fjph;guTk;  jpirf;Fr;

nrq;Fj;jhf  cs;s  xNu  xU
xspf;fjph;  guTk;  jpirf;Fr;
nrq;Fj;jhf  cs;s midj;J
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jsj;jpy;  kl;Lk;  kpd;Gy  ntf;lh;fs;
mjph;Tfisg; ngw;wpUf;Fk;

jpirfspYk;  kpd;Gy  ntf;lh;fspd;
mjph;Tfs; gq;fplg;gl;bUf;Fk;.

2. xspf;fjph;  guTk;  jpiriag;
nghWj;J rkr;rPuw;wJ

xspf;fjph;  guTk;  jpiriag;  nghWj;J
rkr;rPuhdJ

3. jstpisT  Mf;fpfisg;
gad;gLj;jp>  jstpisT  milahj
xspapypUe;J>  ,t;tifahd  xsp
ngwg;gLfpwJ.

kughd  xsp%yq;fspypUe;J
,t;tifahd xsp fpilf;fpwJ

xspf;fw;iw  mjph;Tfisg;  ngw;wpUf;Fk;.  ,f;fw;iw P1 vd;w  Nghyuha;L  topNa
nry;Yk;NghJ  xU  Fwpg;gpl;l  jsj;jpy;  kl;Lk;  mjph;Tfs;  mDkjpf;fg;gLfpd;wd.

Nghyuha;by;  ,Ue;j  ntspNaWk;  xspf;fw;iw  kw;nwhU P2 vd;w  Nghyuha;L  topNa

nrYj;jg;gLfpwJ.  xspf;fjpiu  mr;rhff;  nfhz;L P2 Nghyuha;ilr;  Row;Wk;NghJ P2
Nghyuha;bd;  xU  Fwpg;gpl;l  epiyapy;  xspr;nrwpT  ngUkkhfpwJ.  ,e;j  epiyapypUe;J

Nghyuha;il NkYk;  Row;Wk;NghJ xspr;nrwpT Fiwa Muk;gpj;J> P2 Nghyuha;L 90˚ I
milAk; NghJ xspr;nrwpT Kw;wpYk; kiwe;JtpLfpwJ. kPz;Lk; P2 Nghyuha;ilr; Row;Wk;

NghJ kPz;Lk; xsp Njhd;w Muk;gpj;J gbg;gbahf xspr;nrwpT mjpfhpj;J 180˚ Row;rpapy;
ngUk  xspr;nrwpT  fpilf;fpwJ. P1 Nghyuha;by;  ,Ue;J  ntspNawpa  xsp  KOtJk;
jstpisT  mile;j  xspahFk;.  jd;  topNa  ghAk;  jstpistw;w  xspia>  KOtJk;
jstpisT  mile;j  xspahf  khw;Wk;  Nghyuha;Lf;Fj;  (,q;F P1)  jstpisT  Mf;fp
vd;W  ngah;.  jd;  topNa  ghAk;  xspia>  jstpisT  mile;j  xspah?  my;yJ
jstpisT milahj xspah? vd Ma;T nra;Ak; Nghyuha;Lf;F (,q;F P2) jstpisT
Ma;tp vd;Wngah;.

jstpisT mw;w xspapd; nrwpT (I) vdpy;> jstpisT mile;j xspapd; nrwpT
1
2

æ ö
ç ÷
è ø

thf ,Uf;Fk;. kw;nwhU gq;F xspr;nrwpthdJ> jstpisT Mf;fpahy; jLf;fg;gLfpwJ.

KOtJk; kw;Wk; gFjp jstpisT mile;j xsp

jstpisT  Ma;tpid  RopapypUe;J 90˚  tiu  xt;nthUKiw  Row;Wk;  NghJk;>
xspr;nrwpT Ropf;Fk;  ngUkj;jpw;Fk;  ,ilapy;  khw;wkile;jhy;>  mt;nthspia KOtJk;
jstpisT  mile;j  xsp  vd  miof;fyhk;.  ,jw;Ff;  fhuzk;  Xh;  mr;rpy;  mjph;Tfs;
mDkjpf;fg;gLfpd;wd.  ,t;tr;Rf;Fr;  nrq;Fj;jhf  cs;s  mr;rpy;  mjph;Tfs;  Kw;wpYk;

jLf;fg;gLfpd;wd.  ,jw;F  khwhf>  jstpisT  Ma;tpapd;  xt;nthU 90˚  Row;rpf;Fk;
xspr;nrwpT  ngUkj;jpw;Fk;  rpWkj;jpw;Fk;  (Ropr;nrwpT  my;y)  ,ilapy;  khw;wkile;jhy;
me;j  xspiag;  gFjp  jstpisT  mile;j  xsp  vd  miof;fyhk;.  ,jw;Ff;  fhuzk;
Fwpg;gpl;l  mr;rpy;  xsp  Kw;wpYk;  jLf;fg;glhjNj  MFk;.  vdNt>  Fiwe;j  nrwpT  xsp
Njhd;WfpwJ.

khy]; (Malus) tpjp

Io nrwpT nfhz;l KOtJk; jstpisT mile;j xsp> jstpisT Ma;tpapy; tpOe;J I
nrwpT  nfhz;l  xspahf  jstpisT  Ma;tpapypUe;J  ntspNaWk;NghJ>  mjd;  nrwpT
jstpisT  Mf;fp  kw;Wk;  jstpisT  Ma;tpapd;  guT  jsq;fSf;F  ,ilNa  cs;s

Nfhzj;jpd; θ nfhird; kjpg;gpd; ,Ukbf;F Neh;tpfpjj;jpy; ,Uf;Fk;. ,jw;F khy]; tpjp

vd;W ngah;. 1809 ,y; gpuQ;R mwpQh; E.N. khy]; ,jidf;fz;lwpe;jhh;.

I = Io cos2θ

khy]; tpjpapd; ep&gzk; gpd;tUkhW> jstpisT Mf;fp kw;Wk; jstpisT Ma;tpapd;

jsq;fs;  fhl;bAs;sthW  xd;Wf;nfhd;W θ  Nfhzj;jpy;  rha;e;Js;sd  vdf;fUJf.
jstpisT  Mf;fpapypUe;J  ntspNaWk;  xspapd;  kpd;Gy  ntf;lhpd;  nrwpit Io vdTk;.
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mjd;  tPr;ir a vdTk;  nfhs;f.  gLk;  xspapd;  tPr;R a ,uz;L  $Wfisg;  ngw;Ws;sJ

mit a cos θ kw;Wk; a sin θ MFk;. ,it KiwNa jstpisT Ma;tpapd; guT mr;rpw;F

(axis of transmission) ,izahfTk;> nrq;Fj;jhfTk; cs;sd.

a  cos $W θ kl;Lk;  jstpisT Ma;tpapd;  topahf ntspNaWk;.  jstpisT Ma;tpapd;
topahf  ntspNaWk;  xspapd;  nrwpT>  jstpisT  Ma;tpapd;  topahf  ntspNaWk;
tPr;Rf;$wpd; ,Ukbf;F Neh;tpfpjj;jpy; ,Uf;Fk;.

I ∞ (cos θ)2

I = k(a cos θ)2

,q;F k vd;gJ tpfpjkhwpyp
I = ka2 cos2 θ
I = Io cos2 θ

,q;F> I0  =  ka2 vd;gJ>  jstpisT  Ma;tpapd;  topahf  ntspNaWk;  xspapd;  ngUk
xspr;nrwpthFk;.

rpwg;G Neh;Tfs; gpdtUkhW.

Neh;T (i) θ = 90˚ vdpy;> cos 0˚ = 1, vdNt I = Io

jstpisT Mf;fp kw;Wk; jstpisT Ma;tpapd; guT mr;Rfs; jpirfs; xd;Wf;nfhd;W
,izahf  cs;sNghJ>  jstpisT Ma;tpapd;  topahf  ntspNaWk;  xspapd;  nrwpTk;>
jstpisT Mf;fpapd; kPJ tpOk; xspapd; nrwpTk; rkkhFk;.

Neh;T (ii) θ = 90˚ vdpy; cos 90˚ = 0 vdNt> I = 0
jstpisT  Mf;fp  kw;Wk;  jstpisT  Ma;tpapd;  guT  mr;Rfs;  xd;Wf;nfhd;W
nrq;Fj;jhf cs;s NghJ>  jstpisT Ma;tpapd;  topahf ntspNaWk;  xspapd;  nrwpT
RopahFk;.

khy]; tpjp
Nghyhuha;Lfspd; gad;fs;

1. Nghyuha;Lfs;>  fz; $Rtijj; jLf;Fk;  fz;zhbfshfTk;>  Gifg;glf;fUtpfspy;
xsptbg;ghdhfTk;  NkYk;  ntapy;  fhg;Gf;  fz;zhbfspYk;  gutyhf
gad;gLfpd;wd.

2. Kg;ghpkhz  jpiug;glf;fhl;rpfis  mjhtJ  N`hNyhfpuhgpia (holograph)
cUthf;f Nghyuha;Lfs; gad;gLfpd;wd.

3. gioa  vz;nza;  Xtpaq;fspy;  epwq;fis  NtWgLj;jp  mwpa  Nghyuha;Lfs;
gad;gLfpd;wd.

4. Nghyuha;Lfs; xspj; jifT gFg;gha;tpy; (Optical stress analysis) gad;gLfpd;wd.

5. [d;dy;  fz;zhbfspy;  Nghyuha;Lfisg;  gad;gLj;jp>  miwapd;  cs;Ns  tUk;
xspapd; nrwpitf; fl;Lg;gLj;jyhk;.

6. jstpistile;j  Nyrh;  fw;iw>  CrpKid Nghd;W  nray;gl;L>  FWe;jfLfisg;

(CDs) gbf;f my;yJ mtw;wpy; nra;jpfisg; gjpT nra;a gad;gLfpd;wd.
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7. jput gbfj; jpiuapy; (LCD)> jstpisT mile;j xsp gad;gLj;jg;gLfpwJ.

vjpnuhspg;gpd; %yk; jstpisT Mf;fk;

KOtJk;  jstpisT  mile;j  xspia  cUthf;fg;  gad;gLk;  kpf  vspaKiw

vjpnuhspg;G  MFk;. XY  vd;w  vjpnuhspf;Fk;  fz;zhbg;  gug;gpd;  kPJ> AB  vd;w
jstpisT mw;w xspf;fw;iw xd;W tpOfpwJ vdf;fUJf. ,e;j xspahdJ vjpnuhspg;G
kw;Wk;  tpyfy;  Mfpa  ,uz;ilAk;  milfpwJ.  jstpisT  milahj  xspapy;
vjpnuhspg;Gj; jsj;jpw;F ,izahf cs;s mjph;TfSk; (Gs;spfshy; Fwpf;fg;gl;Ls;sd)
,izahf  ,y;yhj  mjph;TfSk;  (mk;Gf;Fwpfshy;  Fwpf;fg;gl;Ls;sd)  cs;sd.  xU
Fwpg;gpl;l  gLNfhzj;jpy;  vjpnuhspf;fg;gl;l  xsp  KOtJk;  jstpisT  mile;Jk;
tpyfyile;j  xsp  gFjp  jstpisT mile;Jk;  fhzg;gLfpd;wd.  Vnddpy;>  jsj;jpw;F
,izahd  mjph;Tfs;  vjpnuhspg;G  milfpd;wd.  kw;wit  tpyfyilfpd;wd.  gFjp
jstpisT  mile;j  xspapy;  rpy  ,izahd  mjph;TfSk;  fhzg;gLfpd;wd.  ve;jf;
Fwpg;gpl;l  gLNfhz  kjpg;gpw;F  vjpnuhspg;G  mile;j  fjph;  Kw;wpYk;  jstpisT
mile;jNjh> me;jg; gLNfhzNk jstpisTf; Nfhzk; MFk; ip.

GU];lh; tpjp

NkYk;  gphpl;b~;  mwpQh;  rh;  Nltpl;  GU];lh; (Sir  David  Brewster), jstpisTf;
Nfhzj;jpy;  vjpnuhspg;G  mile;j  kw;Wk;  xsptpyfy;  mile;j  xspf;fjph;fs;
xd;Wf;nfhd;W nrq;Fj;J vdf; fz;lwpe;jhh;. ip vd;gJ jstpisTg; gLNfhzk; vdTk;>

rp vd;gJ ,jw;fhd xsptpyF Nfhzk; vdTk; fUjpdhy;> tbtpay; gb>

90p pr i= ° -
];ndy; tpjpapypUe;J xspGFk; Clfj;jpd; xsptpyfy; vz;

xsptpyfy; vz;

sin
sin

p

p

i
n

r
=

,q;F n vd;gJ xsptpyfy; vz;zhFk;.

,Ue;J rp apd; kjpg;ig gpujpapLk; NghJ gpd;tUk; rkd;ghL fpilf;Fk;.

sin sin
sin (90 ) cos

p p

p p

i i
n

i i
= =

° -

tan pi n=

,j;njhlh;Gf;F  GU];lh;  tpjp  vd;W  ngah;.  GU];lh;  tpjpapd;gb>  xspGFk;  Clfj;jpd;
jstpisTf;  Nfhzj;jpd;  NlQ;rd;l;  kjpg;G>  me;j  Clfj;jpd;  xsptpyfy;  vz;zpw;Fr;
rkkhFk;.  jstpisTf;  Nfhzk;  my;yJ  GU];lh;  Nfhzj;jpd;  kjpg;G>  xsp  GFk;
Clfj;jpd; jd;ik rhh;e;jJ.

jl;lLf;Ffs; (Pile of Plates)

gFjp jstpisT mile;j xspia KOtJk; jstpisT mile;j xspahf khw;Wjiy
G&];lh;  tpjpapd;  mbg;gilapy;  jl;lUf;F  nra;fpwJ.  ,jpy;  xt;nthd;Wk;
fpilkl;lj;Jld; 90  –  ip Nfhzj;jpy;  cs;sthW  gy  fz;zhb  jl;Lfs;  xd;wd;gpd;

xd;whf mLf;fp  itf;fg;gl;Ls;sd ,iz xspf;fjph;  ,j;jl;lLfspd;  kPJ ip Nfhzj;jpy;
tpOtij ,t;tikg;G cWjp nra;fpwJ. mLj;jLj;j jl;Lfspd; topNa ,e;j jstpisT
mw;w  xsp  nry;Yk;NghJ>  tpyfyile;j  xspapy;  gug;gpw;F  ,izahfAs;s  mjph;Tfs;
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mLj;jLj;j  jl;Lfspy;  NkYk;  vjpnuhspg;G  milfpd;wd.  ,jd;  %yk;>  vjpnuhspg;G
mile;j fjpUk; tpyfyile;j fjpUk; KOtJk; jstpisT milfpd;wd.

,ul;il xsp tpyfypd; %yk; jstpisT Mf;fk;

vuh];k];  ghh;Njhypd]; (Erasmus  Bartholin  us) vd;w  lr;R  ,aw;gpay;  mwpQh;>
jstpistw;w  xspf;fw;iw  fhy;irl;  gbfj;jpd;  kPJ  tpOk;  NghJ  ,uz;L  xsptpyfy;
fjph;fshfg;  gphpif  milfpwJ  vdf;  fz;lwpe;jhh;.  vdNt>  ,uz;L  gpk;gq;fs;
Njhd;Wfpd;wd.  ,e;j  epfo;r;rpf;F  ,ul;il  xsptpyfy;  vd;W  ngah;.  Fthh;l;];>  ikf;fh
Nghd;w kw;w nghUs;fspYk; ,g;gz;G fhzg;gLfpwJ.

Gs;sp xd;wpid fhy;irl; gbfj;jpd; topNa nrq;fj;jha; ghh;f;Fk;NghJ ,uz;L gpk;gq;fs;
Njhd;Wk;>  gbfj;ijr;  Row;Wk;  NghJ  xU  gpk;gk;  epiyahfTk;  kw;nwhU  gpk;gk;>

epiyahd  gpk;gj;ij  Rw;wpAk;  tUfpwJ.  epiyahf  cs;s  gpk;gk; O,  xsptpyfy;

tpjpfSf;F  cl;gLk;  rhjhuz  fjphpdhy;  Vw;gLfpwJ.  kw;nwhU  gpk;gk; E,  xyptpyfy;
tpjpfSf;F  cl;glhj  mrhjhuz  fjphpdhy;  vw;gLfpwJ.  ,e;j  mrhjhuz  xspf;fjph;
KOtJk;  jstpisT  mile;j  fjph;  vdf;  fz;lwpag;gl;Ls;sJ.  ,ul;il  xsptpyfy;
Vw;gLk;  gbfj;jpd;  cs;Ns rhjhuzf;fjph;  midj;Jj;  jpirfspYk;  xNu jpirNtfj;jpy;
nry;fpwJ.  Mdhy;>  mrhjhuzf;fjph;  xt;nthU  jpirapYk;  ntt;NtW  jpirNtfq;fspy;
nry;fpwJ.  gbfj;jpd;  cs;Ns  cs;s>  Gs;sp  xsp  %yk;  xd;W  rhjhuzf;fjpUf;Ff;
Nfhsf  miyKfg;igAk;>  mrhjhuz fjpUf;F  ePs;tl;l  miyKfg;igAk;  cUthf;Fk;.
gbfj;jpd;  cs;Ns xU Fwpg;gpl;l  jpirapy;  ,t;tpuz;L  fjph;fSk;  xNu  jpirNtfj;jpy;
nry;fpd;wd.  me;jj;  jpirf;F  xspapay;  mr;R  vd;W  ngah;.  xspapay;  mr;rpy;>  ,uz;L
fjph;fSk;  xNu  xsptpyfy;  vz;izg;  ngw;wpUf;Fk;.  NkYk;>  ,e;j  mr;rpy;  ,ul;il
xsptpyfYk; Vw;glhJ.

xspapay; nray;GhpAk; gbfq;fspd; tiffs;

fhy;irl;>  Fthh;l;];>  lh;kiyd; kw;Wk;  gdpf;fl;b Nghd;w gbfq;fs;  xNu xU xspapay;
mr;irg; ngw;Ws;sd. vdNt> mit Xur;Rg;gbfq;fs; vd;W miof;fg;gLfpd;wd.

ikf;fh>  G~;guhfk; (Topaz)  nrypidl;>  muhNfhidl;  Nghd;w  gbfq;fs;  ,uz;L
xspapay;  mr;Rfisg;  ngw;Ws;sd.  vdNt  mit  <ur;Rg;gbfq;fs;  vd;W
miof;fg;gLfpd;wd.

epNfhy; gl;lfk;

epNfhy; (Nicol) gl;lfk;>  kw;w  xspapay;  fUtpfSld;  ,ize;J KOtJk;  jstpisT
mile;j xspia cUthf;fTk;>  Ma;T nra;J ghh;f;fTk;  gad;gLfpwJ. epNfhy;  gl;lfk;
,ul;il xsptpyfy; epfo;tpd; mbg;gilapy; nray;gLfpwJ. ,jid 1828 ,y; tpy;ypak;
epNfhy; vd;w mwpQH cUthf;fpdhh;.

mfyj;ijg;Nghd;W  %d;Wklq;F  ePsk;  nfhz;l  fhy;irl;  gbfj;jpdhy;  gbfj;jpd;

Nfhzq;fs; 72˚  kw;Wk; 108˚  cs;sthW  %iytpl;lj;jpd;  topNa  ,uz;L  Jz;Lfshf
ntl;lg;gLfpwJ ,t;tpuz;L Jz;LfSk; fdlh ghy;rk; vd;w xspGFk; rpnkz;l; nfhz;L
xd;Wld; xd;W xl;lg;gLfpd;wd.

xw;iw  epw  xsp%yk;  xd;wpypUe;J  tUk;  jstpistw;w  xsp>  epNfhy;  gl;lfj;jpd;  kPJ
tpOfpwJ  vdf;fUJf.  ,e;j  xsp  ,ul;il  xsptpyfy;  mile;J  rhjhuz  kw;Wk;
mrhjhuz  fjph;fshfg;  gphpif  mile;J  ntt;NtW  jpirNtfq;fspy;  nry;fpd;wd.
rhjhuz xspf;Fg; (xw;iw epw Nrhba xsp) gbfj;jpd; xsptpyfy; vz; 1.658> mrhjhuz
xspf;F  xsptpyfy;  vz;  1.486.  ,Nj  miyePsk;  nfhz;l  xspf;Ff;  fdlh  ghy;rj;jpd;
xsptpyfy; vz; 1.523.

fhdlh ghy;rj;jpdhy;> rhjhuz xsp KO mf vjpnuhspg;G mile;J> gbfj;jpd; kw;nwhU
Kfk; topahf ntspNawhky; jLf;fg;gLfpwJ. KO jstpisT mile;j mrhjhuz xsp
kl;Lk; gbfj;jpd; topahf ntspNaWfpwJ.
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epNfhy; gbfj;jpd; FiwghLfs;

1. mstpy; nghpa> Fiwghlw;w fhy;irl; gbfq;fs; fpilg;gJ mhpJ. vdNt> epNfhy;
gbfj;jpd; tpiy kpf mjpfk;

2. mrhjhuzf; fjph; rha;e;j epiyapy; gbfj;jpd; topNa nry;tjhy;> gbfj;jpypUe;J
ntspNaWk;  KO  jstpisT  mile;j  xspf;fjph;  vg;nghOJk;  xU  gf;fkhf
tpyfy; mile;jpUf;Fk;.

3. xU Fwpg;gpl;l tuk;gpy; kl;LNk ,jidg; ghh;f;f KbAk;.
4. epNfhy;  gl;lfj;jpypUe;J  ntspNaWk;  xspf;fjph;>  rPuhf  KojstpisT

mile;jpUf;fhJ.

xspr; rpjwypd; %yk; jstpisT Mf;fk;

tspkz;ly %yf;$Wfshy; #hpa xsp rpjwyilAk; NghJ> ,e;j %yf;$Wfspy; cs;s
vyf;l;uhd;fs;  #hpa  xspapYs;s  kpd;Gyj;jpd;  mjph;tilAk;  $Wfspd;  ghjpg;Gf;F
cl;gLfpd;wd #hpa xsp jstpisT mw;w xsp vd;gjhy;> mJ midj;J jpirfspYk;
mjph;Tfis  cUthf;Ffpd;wJ.  ,e;j  mjph;TWk;  vyf;l;uhd;fs;  mtw;wpd;  mjph;TfSf;F
nrq;Fj;jhd  jpirapy;  ghh;f;ifapy;>  ghh;f;Fk;  jpirf;F  nrq;Fj;jhd  jpirapy;  kl;LNk
Mw;wiy  ntspNaw;Wfpd;wd.  Ma;thsh;  xUth;  #hpa  xspia  mJ  guTk;  jpirf;F
nrq;Fj;jhd jpirapy; ghh;f;ifapy;> ghh;f;Fk; jpirf;F nrq;Fj;jhd jpirapy; mjph;TWk;
vyf;l;uhd;fshy;  cUthf;fg;gLk;  fjph;fs;  kl;LNk  mtiu  te;jilAk;.  Ma;thsiu
te;jilAk; xsp KotJk; jstpisT mile;j xsp vd;gJ ,jpypUe;j njhpfpwJ.

xspapay; fUtpfs; (Optical Instruments)
ehk;  md;whl  tho;tpy;  gy;NtW  xspapay;  fUtpfisg;  gad;gLj;Jfpd;Nwhk;.  mtw;Ws;
Ez;Nzhf;fp> njhiyNehf;fp> epwkhiykhdp kw;Wk; kdpj tpopfs;

vspa Ez;Nzhf;fp
vspa  Ez;Nzhf;fp  vd;gJ  xU  nghUspd;  Neuhd  cUg;ngUf;fk;  nra;ag;gl;l  kha

gpk;gj;ijg;  ngw  cjTk;  Fiwe;j  Ftpaj;J}uk; (f)  nfhz;l  xU  cUg;ngUf;fk;
(Ftpf;Fk;)  nyd;R  MFk;.  vdNt>  nyd;rpd;  xU  gf;fj;jpd;  Ftpaj;J}uj;jpw;F  cl;gl;l
njhiytpw;Fs; nghUs; itf;fg;gl;L mLj;j gf;fj;jpd; topahf mijg; ghh;f;f Ntz;Lk;
kpfTk;  mUfhikapy;  cs;s  ve;jg;  Gs;sp  tiuapy;  fz;zhy;  njspthff;  fhz
,aYNkh mJ mz;ikg;Gs;sp vdTk;> kpfTk; njhiytpy; cs;s ve;jg; Gs;sp tiuapy;
njspthff;  fhz  ,aYNkh  mJ  Nra;ikg;Gs;sp  vdTk;  miof;fg;gLfpwJ.  eykhd
fz;zpd;  mz;ikg;Gs;spapd;  njhiyT 25  cm  (D  vd;W  Fwpf;fg;gLk;)>  Nra;ikg;Gs;sp
<wpyhj; njhiytpy; ,Uf;Fk;.

mz;ikg;Gs;sp Ftpag;gLj;Jjy;

gpk;gkhdJ mz;ikg;Gs;spapy;  (mjhtJ> 25  cm)  cUthFk; NghJ fz; kpff;  Fiwe;j
mst rpukj;jpw;F cs;shFk;.  mz;ikg;Gs;spapd;  njhiyT njspTW fhl;rpapd;  kPr;rpW
njhiyT  vdTk;  miof;fg;gLfpwJ.  nghUspd;  njhiyT f I  tplf;  FiwthfTk;

gpk;gj;jpd;  njhiyT  mz;ikg;Gs;sp D  MfTk;  ,Uf;f  Ntz;Lk;.  ,e;j  nyd;rpd;

cUg;ngUf;fk;>
vm
u

=

,U njhiyTfSNk nyd;rpw;F ,lJ gf;fkhf mstplg;gLtjhy;> v = -D vdTk; u = -

u vdTk; gpujpapl m = D
u

-
-

m = D
u

-
-
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cUg;ngUf;fk; m, u, Ftpal;J}uk; %yKk; vOjyhk;.
nyd;R rkd;ghlhd mjhtJ

1 1 1
v u f

- = mjhtJ
vm
u

= Ig; gpujpapl> m = 1 - v
f

v = -D vdg; gpujpapl>

m = 1 + D
f

,JNt mz;ikg; Gs;sp Ftpag;gLj;Jjypd; cUg;ngUf;fk; MFk;.

,ay;Gepiy Ftpag;gLj;Jjy;:
,ay;G epiy Ftpag;gLj;Jjy; - nghUspd; gpk;gk; <hpy;yhj; njhiytpy; Njhd;Wk;. ,e;j
epiyapy; fz;fSf;F vt;tpj rpukKk; ,d;wpg; gpk;gj;ij trjpahfg; ghh;f;f KbAk;.

,ay;Gepiy  Ftpag;gLj;Jjy;  gpk;gk;  <hpy;yhj;  njhiytpy;  cs;s  NghJ  Vw;gLk;
cUg;ngUf;fj;ijj;  jw;NghJ  fhzyhk;.  gpk;gj;jpw;Fk;>  nghUSf;Fk;  cs;s  tpfpjk;

'hm
h

æ ö=ç ÷
è ø

cUg;ngUf;fj;ijf;  nfhLf;Fk;.  <hpy;yhj;  njhiytpy;  kw;Wk;  <hpy;yh  mstpy;

Vw;gLk;  gpk;gj;jpw;fhd  eilKiwj;  njhlh;gpid  ngw  ,ayhJ.  vdNt>  ehk;  Nfhz
cUg;ngUf;fj;ij  ,q;Fg;  gad;gLj;jyhk;.  nyd;rpd;  cjtpahy;  ghh;f;fg;gLk;  gpk;gk;
Vw;gLj;jpaf;  Nfhzj;jpw;Fk; θi nyd;rpd;  cjtpapd;wp  ntWk;  fz;fspdhy;  ghh;f;fg;gLk;

nghUs; Vw;gLj;jpaf; Nfhzj;jpw;Fk; θo cs;s tpfpjj;jpw;F> Nfhz cUg;ngUf;fk; vd;W
ngah;.

i

o

m q
q

=

ntWk; fz;fspdhy; ghh;f;fg;gLk; nghUSf;F>

tan o o
h
D

q q» =

nyd;rpd; cjtpahy; ghh;f;fg;gLk; gpk;gj;jpw;F

tan i i
h
f

q q» =

Nfhz cUg;ngUf;fk;>

0

/
/

i h fm
h D

q
q

= =

Dm
f

=

Nkw;fz;l rkd;ghL> ,ay;Gepiy Ftpag;gLj;JjYf;fhd cUg;ngUf;fj;ijf; nfhLf;Fk;.
mz;ikg;Gs;sp  Ftpag;gLj;JjYf;fhd  cUg;ngUf;fj;ijtpl>  ,ay;Gepiy
Ftpag;gLj;JjYf;fhd  cUg;ngUf;fk;  FiwthFk;.  mz;ikg;  Gs;spapy;
Ftpag;gLj;jg;gl;l  gpk;gj;ijg;  ghh;g;gijtpl>  ,ay;Gepiy  Ftpag;gLj;Jtjpdhy;  Vw;gLk;
gpk;gj;ijg;  ghh;g;gJ  fz;fSf;F  vspjhFk; D/f  ,d;  nghpa  kjpg;GfSf;F>  ,uz;L
cUg;ngUf;fq;fSf;F ,ilNa cs;s NtWghL kpfTk; Fiwe;JtpLfpd;wJ.

Ez;Nzhf;fpapd; gphpjpwd;
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Ez;Nzhf;fpiaf;  nfhz;L  nghUis  cw;WNehf;Ftjd;  %yk;  mg;nghUs;  njhlh;ghd
tptuq;fis mwpayhk;. xU ey;y Ez;Nzhf;fpahdJ nghUis cUg;ngUf;fk; nra;tJ

kl;Lky;yhky;  mg;nghUspy;  rpWkj;  njhiytpy;  (drpWkk;)  gphpj;;J  itf;fg;gl;l  ,U
Gs;spfisg;  gphpj;jwpe;J  fhl;lTk;  Ntz;Lk;.  ,q;F drpWkk; vd;gJ  gphpg;G  vdTk;  mjd;
jiyfPop gphpjpwd; vdTk; mwpag;gLk;.

,lk;rhh; gphpg;ig (ikag; ngUkj;jpd; Muk;)

Vw;fdNt ghh;j;jgb>
1.22

o
fr

a
l

=

xU  Ez;Nzhf;fpapy;>  nghUspd;  njhiyT  vd;gJ  Ftpaj;J}uj;ij (f) tpl  rw;W

mjpfkhf ,Uf;Fk; NkYk; gpk;gj;jpd; njhiyT v y; f f;Fg; gjpyhf v vd;W khw;w>
1.22

o
vr

a
l

=

drpWkk;  vd;gJ  nghUspd;  kPJs;s  ,U  Gs;spfSf;F  ,ilg;gl;l  njhiyT  vdpy;>

cUg;ngUf;fk; m

min

orm
d

=

min
1.22 1.22 1.22 [ / ]

( / )
or v v ud m v u

m am a v u a
l l l

= = = = \ =

min
1.22 fd

a
l

= [ ]u f\ =

nghUs; cs;s gf;fj;jpy;>

2 tan 2sin [ 2sin ]a f
f

b b a b» = \ =

min
1.22
2sin

d l
b

=

rpWkj; njhiyT (dmin) j;jpd; kjpg;ig NkYk; Fiwg;gjw;F> Ez;Nzhf;fpapd; nghUsUF

nyd;i]  mjpf  xsptpyfy;  vz; n  nfhz;l  vz;nza;  epug;gg;gl;l  nfhs;fydpy;
%o;fitj;J> xspapd; ghijia mjpfhpf;f Ntz;Lk;.

min
1.22

2 sin
d

n
l
b

=

,J  Nghd;w  nghUsUF  nyd;];fSf;F  vz;nza;apy;  %o;fitf;fg;gl;l  nghUsUF
nyd;]; vd;W ngah;. n sin β gjj;jpw;F vz;zpay; Jis NA vd;W ngah;.

min
1.22
2( )

d
NA

l
=

Ez;Nzhf;fpapd; gpupjpwd; RM vd;gJ>

min

1 2( ) 2 sin
1.22 1.22M

NA nR
R

b
l l

= = =

njhiyNehf;fpapd; gphpjpwd;

Vw;fdNt tUtpf;fg;gl;l  fpilf;fg;ngWk;  ,lk;rhh;  gphpg;gpd;  jiyfPop  njhiyNehf;fpapd;
gpupjpwd; vdg;gLfpwJ.

njhiyNehf;fpapd; gpupjpwd;
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Vw;fdNt  tUtpf;fg;gl;l  rkd;  fpilf;fg;ngWk;  ,lk;rhh;  gphpg;gpd;  jiyfPop
njhiyNehf;fpapd; gpupjpwd; vdg;gLfpwJ.

0

1
1.22T

aR
r fl

= =

$l;L Ez;Nzhf;fp (Compound microscope)

$l;L Ez;Nzhf;fpapd; mikg;G fhl;lg;gl;Ls;sJ. nghUSf;F mUNf cs;s nyd;Rf;Fg;
nghUsUF nyd;]; vd;W ngah;.  ,e;j nyd;]; nghUspd;  nka;ahd> jiyfPohf;fg;gl;l
kw;Wk;  cUg;ngUf;fg;gl;l  gpk;gj;ijj;  Njhw;Wtpf;Fk;.  ,g;gpk;gk;>  ,uz;lhtJ  nyd;rhd
fz;zUF  nyd;Rf;F  nghUshfr;  nray;gLfpwJ.  fz;zUF  nyd;Rf;F  nghUshfr;
nray;gLfpwJ.  fz;zUF  nyd;];  Xh;  vspap  Ez;Nzhf;fp  Nghd;W  nray;gl;L
,Wjpahfg;  nghpjhf;fg;gl;l  khagpk;gj;ijj;  Njhw;Wtpf;fpwJ.  nghUsUF  nyd;rpdhy;
Njhw;Wtpf;fg;gl;l  jiyfPohd Kjy;  gpk;gk;>  fz;zUF nyd;Rf;F neUf;fkhf>  Mdhy;
mjd; Ftpag;gug;gpw;Fs; ,Uf;Fk;gb rhpnra;Ak; NghJ> ,Wjp gpk;gk; fpl;lj;jl;l <hpy;yhj;
njhiytpy;  my;yJ  mz;ikg;  Gs;spapy;  Njhd;Wk;.  ,Wjpgpk;gk;  cz;ikahd
nghUisg;nghUj;Jj; jpiyfPohff; fpilf;Fk;.

$l;L Ez;Nzhf;fpapd; cUg;ngUf;fk;
fjph; xspg;glj;jpypUe;J> nghUsUF nyd;rpd; gf;fthl;L cUg;ngUf;fk;> gpd;tUkhW>

'
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,q;F> L  vd;gJ  fz;zUF  nyd;rpd;  Kjy;  Ftpag;Gs;spf;Fk;>  nghUsUF  nyd;rpd;
,uz;lhk;  Ftpag;Gs;spf;Fk;  ,ilNa  cs;s  njhiythFk;.  ,jw;Ff;  $l;L
Ez;Nzhf;fpapd; Foypd; ePsk; (L) vd;W ngah;. NkYk; fo kw;Wk; fe ,uz;Lk; (L) I tplf;
Fiwthfj;jhd; ,Uf;Fk;.

,Wjp  gpk;gk;>  mz;ikg;Gs;spapy;  mike;jhy;>  fz;zUF  nyd;rpd;  cUg;ngUf;fk; me
gpd;tUkhW

1e
e

Dm
f

= +

mz;ikg;Gs;sp Ftpag;gLj;jypd; nkhj;j cUg;ngUf;fk; (m) gpd;tUkhW
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f f
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,Wjpgpk;gk; <hpy;yhj; njhiytpy; mike;jhy; (,ay;Gepiy Ftpag;gLj;Jjy;)> fz;zUF
nyd;rpd; cUg;ngUf;fk; me gpd;tUkhW
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,ay;Gepiy Ftpag;gLj;Jjypy; Vw;gLk; nkhj;j cUg;ngUf;fk; m gpd;tUkhW fpilf;Fk;>

m = mo me =
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ç ÷ç ÷
è øè ø

thdpay; njhiyNehf;fpapd; cUg;ngUf;fk;
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gpk;gk;  Vw;gLj;Jk;  Nfhzj;jpw;Fk; β, nghUs;  Kjd;ik  mr;Rld;  Vw;gLj;Jk;

Nfhzj;jpw;Fk; a cs;s tpfpjNk thdpay; njhiyNehf;fpapd; cUg;ngUf;fk; (m) MFk;.

m b
a

=

glj;jpypUe;J ;
o e

h h
f f

a b= =

o

e

fm
f

=

thdpay; njhiyNehf;fpapd; Njhuha ePsk;>
L = fo + fe

vjpnuhspg;Gj; njhiyNehf;fp (Reflecting telescope)

nghpa  mstpyhd  kw;Wk;  xspapay;  FiwghLfsw;w  gpk;gq;fisj;  Njhw;Wtpf;Fk;
nyd;Rfis cUthf;FtJ kpfTk; fbdkhdJ kw;Wk; nghUl;nryT kpf;fJ MFk;. etPd
njhiyNehf;fpfspy;  nghUsUF  tpy;iyfshf  nyd;];fSf;F  khw;whf  Fop  Mbfs;
gad;gLfpd;wd.

nghUsUF  tpy;iyfshf  Fop  Mb  nray;gLk;  njhiyNehf;fpf;F  vjpnuhspg;G
njhiyNehf;fp  vd;W  ngah;.  ,it  $Ljy;  rpg;gpidg;  ngw;Ws;sd.  Mbapy;  xNu  xU
gug;gpid kl;Lk;  nkUNfw;wpg;  gsgsg;ghf itj;Jf;  nfhs;tJ NghJkhdjhFk;.  Mdhy;>
nyd;]py;  ,U  gug;GfSf;Fk;  mt;tpjk;  nra;a  Ntz;Lk;.  nyd;];fs;  mtw;wpd;
tpspk;Gfspy;  kl;LNk  jhq;fp  epWj;jg;gLfpd;wd.  Mdhy;>  Mbfisg;  gad;gLj;Jk;NghJ
mtw;wpd;  gpd;gf;fk;  KOtijAk;>  jhq;fpg;gpbg;gjw;Fg;  gad;gLj;jyhk;.  ,Ug;gpDk;>
vjpnuhspg;G  njhiyNehf;fpapy;  xU  FiwghL  cs;sJ.  mjhtJ>  nghUsUF  Mb
njhiyNehf;fpf; Foypd; cs;NsNa xsp Ftpf;fg;gLfpwJ. fz;zUF nyd;rpid Foypd;
cs;Ns  nghUj;jp  gpk;gj;ijf;  fhz;gJ  rpukkhFk;.  ,f;FiwghL  jw;NghJ  epth;j;jp
nra;ag;gl;Ls;sJ.  mjhtJ  ,uz;lhtJ  Ftp  Mb  xd;wpidg;  gad;gLj;jp  Foypd;
cs;Ns  Ftpag;gLj;jg;gLk;  xspia>  Foypd;  ntspg;gf;fkhf  nfhz;Lte;J  gpk;gj;ijf;
fhzyhk;.

epwkhiykhdp (Spectrometer)

gy;NtW  xsp%yq;fspypUe;J  tUk;  epwkhiyfis MuhaTk;>  nghUs;fspd;  xyptpyfy;
vz;fisf;  fzf;fplTk;  epwkhiykhdpfs;  gad;gLfpd;wd.  epwkhiykhdp  xd;W
mbg;gilapy;  epwkhiykhdp  %d;W  gFjpfisf;  nfhz;Ls;sJ.  mit  KiwNa
,izahf;fp> Kg;gl;lf Nkil kw;Wk; njhiyNehf;fp MFk;.

,izahf;fp
,iz  xspf;fw;iwia  cUthf;Fk;  mikg;Ng  ,izahf;fp  MFk;.  ,J  xU
Ftpnyd;irAk;  xsp%yj;ij  Nehf;fpathW  cs;s>  khw;wf;$ba  tphpT  cila
nrq;Fj;Jg;  gpsitAk;  nfhz;lJ.  gpstpd;  njhiytpidr;  rhpnra;J  nyd;rpd;
Ftpaj;jpy;  epiyepWj;j  KbAk;.  Kg;gl;lfj;jpd;  mbghfj;Jld;  ,izahf;fp
cWjpahfg; nghUj;jg;gl;Ls;sJ.

Kg;gl;lf Nkil
Kg;gl;lfk;>  fPw;wzp  Nghd;wtw;iwg;  nghUj;Jtjw;F  Kg;gl;lfNkil  gad;gLfpwJ.
%d;W rhp nra;Ak; jpUFfSld; mike;j ,uz;L ,izahd tl;ltbtj; jl;Lfs;
Kg;gl;lf  Nkilapy;  cs;sd.  RoYk;  tifapy;  nghUj;jg;gl;Ls;s  Kg;gl;lf
Nkilapd;  epiyia  nth;dpah; V1  kw;Wk; V2  Mfpatw;iwf;  nfhz;L  mwpayhk;.
Njitahd  cauj;jpw;F  Kg;gl;lf  Nkila  cah;j;Jk;  tifapy;  mJ
mikf;fg;gl;Ls;sJ.
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njhiyNehf;fp
,J  thdpay;  njhiyNehf;fp  tifiar;  rhh;e;jjhFk;.  ,jd;  xU  Kidapy;
FWf;Ff;  fk;gpfSld;  mike;j  fz;zUF  nyd;Rk;>  mjd;  kWKidapy;
nghUsUF  nyd;Rk;  cs;sJ.  fz;zUF  nyd;Rf;Fk;  nghUsUF  nyd;Rf;Fk;
,ilNa cs;s njhiytpidr; rhpnra;J> njspthd gpk;gj;ijf; FWf;Ff; fk;gpapy;
Njhd;w nra;ayhk;.

tl;ltbt  msTNfhy;  xd;W  njhiyNehf;fpAld;  Nrh;e;J  RoYk;  tifapy;
nghUj;jg;gl;Ls;sJ.  njhiyNehf;fp  kw;Wk;  Kg;gl;lfNkil  ,uz;ilAk;  tpUk;Gk;
,lj;jpy;  epiyepWj;Jtjw;fhf  ,uz;L  Mu  jpUF  Mzpfs;  cs;sd.  NkYk;>
El;gfkhfr; rhpnra;tjw;Fj; njhLNfhL jpUF MzpfSk; fhzg;gLfpd;wd.

epwkhiykhdpapy; Nkw;nfhs;s Ntz;ba rPuikg;Gfs;:

epwkhiykhdpiag;  gad;gLj;jp  Ma;tpid  Nkw;nfhs;Sk;  Kd;ghfg;  gpd;tUk;
rPuikg;Gfisr; nra;a Ntz;Lk;.

1. fz;zUF nyd;irr; rPuikj;jy;

njhiyNehf;fpia>  xspA+l;lg;gl;l  gug;gpid  Nehf;fpr;  Row;wp>  FWf;Ff;
fk;gpia  Kd;Dk;gpd;Dk;  efh;j;jpj;  njspthd  gpk;gk;  fz;fSf;Fj;  njhpAk;
,lj;jpy; mjid epiyepWj;j Ntz;Lk;.

2. njhiyNehf;fpiar; rPuikj;jy;
xspthd  gpk;gk;  tpoptjw;F  ,izfjph;fisg;  ngWk;  tifapy;
njhiyNehf;fpiaj;  njhiytpy;  cs;s  nghUs;  xd;iwf;  fhZk;  tifapy;
epiy epWj;j Ntz;Lk;.

3. ,izahf;fpiar; rPuikj;jy;

,izahf;fpf;F Neuhf njhiyNehf;fpiaf; nfhz;L tuTk;. FWf;Ff; fk;gpapy;
njspthd  gpk;gk;  fpilf;Fk;  tiu>  ,izahf;fpapd;  gpstpw;Fk;>  nyd;Rf;Fk;
,ilNa cs;s njhiyitr; rhpnra;a Ntz;Lk;.

4. Kg;gl;lf Nkiliar; rPuikj;jy;
,urkl;lk; kw;Wk; rhpnra;Ak; jpUfhzpfisg; gad;gLj;jp> Kg;gl;lf Nkilia
fpilkl;l epiyapy; ,Uj;jyhk;.

Kg;gl;lfk; nra;ag;gl;l nghUspd; xsptpyfy; vz;izf; fhzy;
epwkhiykhdpapd;  njhlf;fr;  rPuikg;Gfisr;  nra;a  Ntz;Lk;.  Kg;gl;lfr;  Nfhzk; A
kw;Wk;  rpWk  jpirkhw;wf;  Nfhzk; D  Mfpatw;iwr;  fz;lwpe;J  Kg;gl;lfg;  nghUspd;
xsptpyfy; vz;izf; fzf;fplyhk;.

1. Kg;gl;lff; Nfhzk; (R)

Kg;gl;lfj;jpd;  xsptpyFg;gf;fq;fs;  re;jpf;Fk;  Kid>  ,izahf;fpiag;  ghh;f;Fk;
tifapy;  Kg;gl;lf  NkilkPJ  Kg;gl;lfk;  itf;fg;gLfpwJ.  ,izahf;fpapd;  gpsT
Nrhba Mtptpsf;fpidf; nfhz;L (xw;iw epw) xspA+l;lg;gLfpwJ. ,izahf;fpapypUe;J

tUk;  ,izfjph;fs;  Kg;gl;lfj;jpd; AB  kw;Wk; AC  gf;fq;fspy;  tpOe;J  vjpnuhspg;G
milfpd;wd.

,t;tpuz;L mstPLfspd; NtWghL> njhiyNehf;fp Row;wg;gl;lf; Nfhzj;ijf; nfhLf;Fk;.
,f;Nfhzk;  Kg;gl;lff;  Nfhzj;jpd;  ,uz;L  klq;fpw;Fr;  rkkhFk;.  ,k;kjpg;gpy;  ghjp

Kg;gl;lff; Nfhzj;ijf; (A) nfhLf;Fk;.
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2. rpWkjpirkhw;wf; Nfhzk; (D)
,izahf;fpapypUe;J  tUk;  xsp  Kg;gl;lfj;jpd;  Xh;  xsptpyF  gf;fj;jpd;  kPJ  tpope;J>
kWgf;fj;jpd; topNa xsptpyfy; mile;j xspiaj; njhiyNehf;fpapd; topNa ghh;f;Fk;
tifapy;>  Kg;gl;lfj;ij  Nkil  kPJ  nghUj;j  Ntz;Lk;.  jw;NghJ
jpirkhw;wf;Nfhzj;jpd; kjpg;G FiwAk; tifapy; Kg;gl;lf Nkiliar; Row;w Ntz;Lk;.
xU  fl;lj;jpy;  gpk;gk;  Xh;  ,lj;jpy;  epd;W>  Kg;gl;lf  Nkilia  NkYk;  njhlh;e;J
Row;Wk;NghJ jpUk;g  Muk;gpf;Fk;.  njhiyNehf;fpapy;  ghh;j;Jf;  nfhz;Nl  ,ijr;  nra;a
Ntz;Lk;.  ,e;epiyf;fhd  mstPl;il  rpWk  jpirkhw;w  epiyf;fhd  mstPl;ilf;
nfhLf;Fk;.

jw;NghJ  Kg;gl;lfj;ij  ePf;fptpl;L>  ,izahf;fpapypUe;J  tUk;  gpk;gj;ij  Neubahf
njhiyNehf;fpapd;  topNa ghh;f;Fk;  tifapy;  njhiyNehf;fpiar;  Row;rp  mstPLfisf;
Fwpj;Jf;nfhs;s  Ntz;Lk;  ,t;tpuz;L  mstPLfspd;  NtWghL  rpWkjpirkhw;wf;

Nfhzj;ijf; (D)  nfhLf;Fk;.  Kg;gl;lfk;  nra;ag;gl;l  nghUspd;  xsptpyfy;  vz;izg;
gpd;tUk; rkd;ghl;bidg; gad;gLj;jpf; fzf;fplyhk;.

sin
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sin
2

A D

A
m

+æ ö
ç ÷
è ø=

æ ö
ç ÷
è ø

ntw;wpl  Kg;gl;lfk;  xd;wpDs;  jputj;ij  epug;gp>  Nkw;$wg;gl;l  mNj  Kiwapy;
Nrhjidfis epfo;j;jp jputj;jpd; xsptpyfy; vz;izf; fhzyhk;.

kdpj tpop (The eye)

kdpj  caph;fSf;F  ,aw;ifahf  mikag;  ngw;w  xspapay;  fUtp  tpopfshFk;.
tpopnyd;R RUq;fp  tphpAk;  jd;ikia ngw;wpUg;gjhy;  tpopnyd;rpd;  Ftpaj;J}uj;ij xU
Fwpg;gpl;l  mstpw;F  tpopapdhy;  khw;wpaikf;f  ,aYk;.  tpopfs;  KO  jsh;T  epiyapy;
cs;sNghJ>  mtw;wpd;  Ftpaj;J}uk;  ngUkkhFk;.  tpopfisr;  RUf;fpg;  nghUs;fisg;
ghh;f;Fk;  NghJ>  mtw;wpd;  Ftpaj;J}uk;  rpWkkhFk;.  njspthfg;  nghUs;fisf;  fhz>

nghUspd; gpk;gk; tpopj;jpiuapd; kPJ (retina) rhpahf tpoNtz;Lk;. taJ te;j xUthpd;

tpopapd;  tpl;lk;  fpl;lj;jl;l 2.5  cm.  mjhtJ> tpopnyd;Rf;Fk;>  tpopj;jpiuf;Fk;  ,ilNa

cs;s  J}uk;  vg;NghJk; 2.5  cm  MFk;.  tpopapy;  cs;s  ,uz;L  xspGFk;  jputq;fshd
mf;Ft]; jputk;  kw;Wk;  tpl;u]; jputk;  Nghd;wtw;wpd;  xsptpyfy; vz;fisf; fUj;jpy;
nfhs;shky;>  tpopapd;  xspapay;  nray;ghl;ilg;  gw;wp  ,q;F  ehk;  gbf;fyhk;.  rhjhuz
ghh;it  nfhz;l  xUtuhy;>  <hpy;yhj;  njhiytpy;  itf;fg;gl;Ls;s  nghUisg;  ngUkf;
Ftpaj;J}uj;Jld; fmax rpukkpd;wp  tpopapd;  %yk;  fhz ,aYk;.  ,Nj Nghd;W  25  cm

njhiytpy;  itf;fg;gl;Ls;s  nghUisr;  rpWkf;  Ftpaj;J}uj;Jld; fmin  tpopapidr;
RUf;fpf; fhz ,aYk;.

kdpjtpopapd;  ngUkf;  Ftpaj;J}uk; fmax kw;Wk;  rpWkf;  Ftpaj;J}uj;jpw;fhd (fmin)
rkd;ghl;il gpd;tUkhW tUtpf;fyhk;. nyd;]; rkd;ghl;bypUe;J>

1 1 1
f v u

= -

nghUs;  <hpy;yhj;  njhiytpy;  cs;sNghJ> u  =  -∞ kw;Wk; v  =  2.5  cm (tpopnyd;Rf;Fk;

tpopj;jpiuf;Fk;  ,ilNa  cs;s  J}uk;)>  ngUkf;  Ftpaj;J}uj;Jld; (fmax) rpukkpd;wp
tpopapdhy; nghUisf; fhZk; epiyapy;

min

1 1 1
2.5f cm

= -
-¥

fmax = 2.5 cm
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1 1 1
f v u

= -

nghUs;  mz;ikg;  Gs;spapy;  cs;sNghJ> u  =  -25  cm, kw;Wk; v  =  2.5  cm. rpWkf;
Ftpaj;J}uj;Jld; tpopapidr; Ruf;fp nghUisf; fhZk; epiyapy;.

min

1 1 1
2.5 25f cm cm

= -
-

fmax –  fmin  =  0.23  cm ,e;j rpwpa msT tpopnyd;rpd;  Ftpaj;J}uj;ij khw;Wtjd;  %yk;
<hpy;yhj; njhiytpype;J mz;ik epiyg;Gs;sptiu nghUs;fis ek;khy; fhz KbfpwJ.
jw;NghJ> ehk; ghh;itapy; Vw;gLk; rpy nghJthd FiwghLfisg; gw;wpg; gbf;fyhk;.

fpl;lg;ghh;it (myopia):

fpl;lg;ghh;it  Fiwghl;bdhy;  ghjpf;fg;gl;l  eghpdhy;  njhiytpy;  cs;s  nghUisj;
njspthff;  fhz  ,ayhJ.  ,f;Fiwghl;bw;fhd  fhuzk;  tpopnyd;rpd;  Ftpaj;J}uk;
kpfTk;  Fiwe;JtpLtjhFk;  my;yJ  tpopf;  Nfhsj;jpd;  tpl;lk;  ,ay;G  epiyiatpl
mjpfkhf  ,Ug;gjhFk;.  ,t;tif  Fiwghl;bdhy;  ghjpf;fg;gl;l  egh;fspdhy;  mth;fspd;
fz;fisj;  Njitf;F  mjpfkhf  jsh;tilar;  nra;a  ,ayhJ.  Mdhy;  nyd;Rfisg;
gad;gLj;jp ,f;Fiwghl;bidr; rhpnra;a KbAk;.

njhiytpy; cs;s nghUspypUe;J tUk; ,izfjph;fs;> tpopj;jpiuia milAk; Kd;Ng
Ftpf;fg;gLfpd;wd. Mdhy; mUNf cs;s nghUs;fis ,th;fshy; ed;F fhz KbAk;.

fpl;lg;ghh;it  FiwghLila  eguhy;  ghh;f;fg;gLk;  ngUkj;  J}uk; x  vd;f.  rhp  nra;Ak;
nyd;irf;  nfhz;L  <hpy;yhj;  njhiytpy;  cs;s  nghUspd;  khagpk;gj;ij x  Gs;spapy;
Vw;gLj;jp ,f;Fiwghl;ilr; rhpnra;ayhk;.

nyd;];  nfhz;L  fpl;lg;ghh;it  Fiwghl;ilr;  rhpnra;Ak;  nyd;rpd;  Ftpaj;J}uj;ijf;
fzf;fplyhk;.

1 1 1
f v u

= -

,q;F> ,k;kjpg;Gfis nyd;]; rkd;ghl;by; gpujpapLk;NghJ>
1 1 1
f x

= -
- -¥

rhp nra;Ak; nyd;rpd; Ftpaj;J}uk;>

nyd;irf; nfhz;L <hpy;yhj; njhiytpy; cs;s nghUspd; khagpk;gj;ij x Gs;spapy;
,q;F u = -∞, v = -x, ,k;kjpg;Gfis nyd;]; rkd;ghl;by; gpujpapLk; NghJ>

1 1 1
f x

= -
- -¥

rhp nra;Ak; nyd;rpd; Ftpaj;J}uk;>
f = -x

Nkw;fz;l  rkd;ghl;bYs;s  vjph;FwpahdJ>  gad;gLj;Jk;  nyd;];  xU  Fopnyd;R
vd;gijf;  fhl;LfpwJ.  mbg;gilapy;  ,izfjph;fis>  ,e;jf;  Fopnyd;R  tphpfjph;fshf
khw;wp ,e;jf; Fopnyd;R tphpfjph;fshf khw;wp tpopj;jpiuapy; Ftpakilar; nra;fpwJ.

J}ug;ghh;it (Hypermetropia)
J}ug;ghh;it FiwghLila eghpdhy;  tpopf;F  mUNf cs;s nghUs;fisj;  njspthff;
fhz  ,ayhJ.  J}ug;  ghh;it  FiwghLila  egh;fspd;  tpopnyd;];  ,ay;igtpl
nky;ypajhff;  fhzg;gLk;.  ,jd;  fhuzkhf  tpopnyd;rpd;  Ftpaj;J}uk;  kpf  mjpfkhf
,Uf;Fk; my;yJ ,ay;igtpl tpopf;Nfhsk; RUq;fp tpLtjpdhYk; ,f;FiwghL Vw;gLk;.
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,f;FiwghLila  egh;fspd;  njspTW  fhl;rpapd;  kPr;rpW  njhiyT (Least  Distance  for
clear vision) 25 cm tpl mjpfkhf ,Uf;Fk;. vdNt gbg;gJ kw;Wk; rpwpa nghUs;fisf;
ifapy;  vLj;Jg;  ghh;g;gJ  ,th;fSf;F  rpukkhfapUf;Fk;  Fwpg;ghf>  taJ  %g;gpd;

fhuzkhf  Vw;gLk;  ,t;tif  J}ug;ghh;itf;F  nts;nsOj;J (Presbyopia) vd;W  ngah;.
tajhdth;fshy; tpopiar; RUf;fp tpopnyd;rpd; Ftpaj;J}uj;ij Fiwf;f ,ayhJ.

mz;ikg;  Gs;spapYs;s  nghUspypUe;J  tUk;  xspf;fjph;fs;  topj;jpiuf;F  gpd;Gwkhff;

FtpaiktJ  fhl;lg;gl;Ls;sJ.  Mdhy;>  ,f;FiwghLila  egh;fspdhy; 25  cm  f;Fk;
mjpfkhd J}uj;jpy; cs;s nghUs;fisj;jhd; fhz ,aYk;. J}ug;ghh;it FiwghLila

eghpd;  tpopapypUe;J  ehk;  fUJk;  Gs;spapd;  Fiwe;jgl;rj;  J}uj;ij y vd;f.
,j;J}uj;jpw;F  mg;ghy;  cs;s  nghUs;fis  kl;LNk  ,f;FiwghLila  eghpdhy;  ghh;f;f

KbAk;.  ,f;Fiwghl;bidr;  rhpnra;a  25 cm  J}uj;jpy;  (mz;ikg;  Gs;spapy;)  cs;s

nghUisg;  ghh;gjw;F 25cm  J}uj;ljpy;  cs;s  nghUspd;  khagpk;gj;ijr;  rhpnra;Ak;
nyd;rpd; cjtpahy; tpopapypUe;J y J}uj;jpy; Njhw;Wtpf;f Ntz;Lk;.

nyd;R  rkd;ghl;ilf;  nfhz;L  J}ug;ghh;it  Fiwghl;ilr;  rhpnra;Ak;  nyd;rpd;
Ftpaj;J}uj;ijf; fzf;fplyhk;.
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Nkw;fz;l  rkd;ghl;bidf;  nfhz;L  fzf;fplg;gLk;  Ftpaj;J}uk;  vg;NghJk;  Neh;Fwp
kjpg;igg;  ngw;wpUf;Fk;.  Vnddpy;> y  vg;NghJk; 25cm I  tpl  mjpfkhf  ,Uf;Fk;.
Ftpaj;J}uj;jpy;  cs;s  Neh;Fwp>  gad;gLj;jg;gLk;  rhpnra;Ak;  nyd;R  Ftpnyd;R
vd;gijf;  fhl;LfpwJ.  mbg;gilapy;  ,e;jf;  Ftpnyd;R y njhiytpw;F mg;ghy;  cs;s
nghUspypUe;J tUk; xspf;fjph;fis rw;Nw Ftpar; nra;J tpopj;jpiuapy; Ftpakilar;
nra;fpwJ.

xUjsg; ghh;it (Astigmatism)
tpopnyd;rpy;>  ntt;NtW  tisT  Muq;fisg;ngw;w  jsq;fs;  fhzg;gLtjhy;
xUjsg;ghh;itf;  FiwghL  Vw;gLfpwJ.  xUjsg;ghh;it  FiwghLila  eghpdhy;
midj;Jj;  jpirfspYk;  njspthf  xd;WNghy;  ghh;f;f  ,ayhJ.  fpl;lg;ghh;it  kw;Wk;
J}ug;ghh;it  Fiwghl;iltpl  ,f;FiwghL rw;Nw  rpf;fyhdjhFk;.  ntt;NtW  tisT
Muq;fisf;  nfhz;l  jsq;fis  cila  nyd;Rfisg;  gad;gLj;jp  xUjsg;ghh;it
Fiwghl;ilr;  rhpnra;a  ,aYk;.  ntt;NtW  tisT  Muq;fisAila  jsq;fisf;
nfhz;l nyd;RfSf;F cUistbt nyd;Rfs; vd;W ngah;.  taJ Kg;gpd; fhuzkhf
xd;Wf;F Nkw;gl;l ghh;itf; FiwghLfs; kdpjh;fSf;F Vw;glyhk;. fpl;lg;ghh;it kw;Wk;
J}ug;ghh;it  Mfpa  ,uz;L  FiwghLfSk;  nfhz;l  kdpjUf;F>  gbg;gjw;F  Ftpf;Fk;
fz;zhbiaAk;> njhiytpy; cs;s nghUs;fisf; fhz;gjw;F tphpf;Fk; fz;zhbiaAk;
gad;gLj;j Ntz;Lk;.  ,t;thW jdpj;jdpahf fz;zhbfisg; gad;gLj;JtJ rpukkhFk;.

,jid ePf;Ftjw;fhf> ,ul;il Ftpaj;J}uk; nfhz;l nyd;RfSk; (bifocal  lens), njhlh;
Ftpaj;J}uk; nfhz;l nyd;RfSk; (Progressive lens) gad;gLfpd;wd.


